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the Semi-tranſverſe Axe, and ſo at other places, p.52.1.27.for Size r.S, p,5342. 
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ADVERTISEMENT. 


NA, TAvigation, and all the Parts of the Mathematicks, arc taught 
| in Engliſh and French by Mr. Reeve Williams, at the Virginia 
C offee- Houſe in St, Michael s- Alley, in Cornhil, near the Royal Ex- 
change, London. | | * ; 


* AN LE forts of Globes, Spheres, Maps, Sea-Plats, Mathema- 
| tical ProjeCtions, Books and Inſtruments, made and ſold 
by Philip Lea, Globe-Maker, at the Arlas ard Hercules in Cheap- 
| fide, next the corner of Friday-ſtreer. | | 
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ne To THE 
| READER. 
Courteous Reader, | 
| = His was chiefly compoſed for ſome near Relations ; 
but the 44 ro Ne Ee and not Com- 
hd mon, 1 think 1 ought to communicate, and not to 
| © Bury tit with we. 4 do wot Publiſh this as to pre- 
fer it before Trigonometrical Calcnlation of Dyals, for no way 
can be Exatter than that ; but this is to ſave that Labour in 
 Toung Beginners, left they ſhould be dejedted with the tedjouſ- 
#eſs of the other : Anil this Ds(conrſebat litthe ſhort in Exatt- 
weſs with that. For though we can Calculate Dyals $0 Minates, 
yea to Seconds, yet when we come to Delineate them,we can be no 
Exatter than th Line of Chords is, which ſeldom exceeds a Foot; 
but in Refletinz Dyals, and ſome others, we have ſometimes 
Tangents for Radius's, of five times that length : Neither can 
Dyals whofe Centre is not +n the Plane, bewell drawn without 
two T angentsunleſs they are firſt drawn on another Plane ; and 
this is ſome help to Calculation, for here is They ht Declining. - 
Planes, the Sub-ftiles Diſtance, the Stiles 3th, and Incli- 
nation of the Meridians are already Calculated, and the Angle 
' each Hour makes with the Sub-ſtile at the Poke muſt firſt be 
found before we can find the Angle on the Plane with the Sub- 
ſtile: Thenhief Differente i, that im the pue;the Ang leon the 
Plane 3s v0 be meaſured with a Line of Churds, inthe ather, 
the Angle at the Pole is to be meaſured with s Line of Tau- 
ents. | 
| : If you have on. 4 Ruler a Line of Chords, Sines, Tapngents,. 
aud " axto for 4 ſmall Radins, as an Inch and an half, two, 
; Eee - 
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-or two and an half, you may uſe that inſtead of the Table of 
- Sines,” Chords, T angents and Secants ; .but if it bea preater 

Radius, you will find an Intonveniency of deſcribing Dyals - 
-02 4 ſmall Plane. = i RI. Mn 
The Method of drawing the Parallels of the Suns Deli. 
nation, will give ( if Tam not deceived } a Diverſion to thoſe 
of the Higheſt Forms in the Mathematicks,being not Extant(as 
I have great reaſon to believe) in any Author ; being grounded . 
ON fauch Paradoxes in the C onicks, That fe 07 of ir Le 07 the 
firſt View will hardly be admitted ;. for with Gratefulneſs, I dy 
acknowledge, That I received Seeds and'Plants from ſome emi- 
nent Polls: of the Royal Society, ſince dereaſed; but being 
removed into my barren Soil, and Cultivated and Manured ac- 
cording to the new Huchandry, produced Fruit beyond my Ex- 
peftation, —_— this is part ; beſides their Geometrical way 
of Delineating their Carves, I have for the. Latitude'of Lon | 
don, in 4 Diret# South Dyal, giventhe Diſtances of thi Points ' Ml” 
of the Hyperbole on Parallels to the Tranſverſe Axe, from the 
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Conjugate, which by a Diagonal Scale will quickly be placed, = 


Signs uſed in this Treatiſe. + ho 


_ Equal # <=. i Angle 

| & | Parallel. ER - DISSE 
=>'E 5 Continued Proportion « ORE. Z 1 Tangent 
oO & : Parallelogram C-T:= {Co-tangent. | 
A Triangle ..- 6 $3 1.20 oi aw hi ; 
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A New and [AS 


ET H O D 


= To THE 


Art of Dyalling, 


| Ci A P. I. 
[ hy K, Of Dyalling in General. 


Yalling is an Art teaching how to Meaſure the time of 
the Day, by the Shade of the Sun. 

The Heavens, with the Sun and Stars, go round 
# the Earth every Twenty four Hours, with an Equal - 
Motion.” 'Two Points of the 'Heavens are Immovable, -which are 
* called the Poles 3 and*there'is an Imaginary Line paſling from one 
Pole tothe other; which is called the Axe of the World: : The 
Circle which cuts the Axe at Right-angles, and divides the 'Hea= - 
vensinto' two Equal Parts between the ſaid Poles, is the Equi- 
nox or Equator, which ( as every great- Circle ) is divided. by. 
Aſtronomers mto 360iEqnal Parts, called Degrees ;- of which the . 
Sun goes 15 Degrees cach. Hour : Every Degree is eivided'into © 

60 Minutes, as/by the Globe may be ſeen. 

In every Dyal, | that-which gives the Shade, and ſhows the Hour, 
is called the Gnomon or Stile, and muſtalways' be parallel to the 
Axe ofthe World;: which to Place exaQly, is the chiefeſt thing 
in Dyalling. The: Line: under it, on the: Plan, is called the 
Subſtile. - ] / 

5+ The: Angle each Hour makes with the'Stile or Axe, which is - 
commonly called the m_ at the FO porn or res to: rs _ 
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to 1 hour — 2 hours = 30 TRY 3 hw = 4 PER | There- 
fore on Plans which cut the Axe at Right-angles, which are 
uſually called EquinoQtial Plans, it is but dividing a. Circle into 
24 equal Parts,and let a Pin ſtand-perpendicular to the Plan on the 
Centre to repreſent the Are, and to give the Shade ; and It is a 
trie Dyal. © 

Burt-if the Axe be cut with a Plane at Oblique-angles, then the 
Stile ſtands leaning, and the Hours on the Plane are unequal. To 
find the true Meaſnre of which, is the Subje&t of Dyalling. 

_ - Therefore the Plane of every Dyal mult firſt be compared with. 
the Horizen and Meridian. 

The Har#zon is that part of the Heavens as a quick Eye can 
diſcern in an open place, which divides the Heavens into two 
Equal Parts. "The middle Point of the Heavens which. is over 
our Heads, 1s called the Zenith ;3-and that under our Feet the 
Nadir. * 

The Meridian is a great Circle of the Heavens paſſing through 

_ the Poles, the Zenith and Nadir, in which the Sun is at Noon, 
and at Twelve a Clock at Night. 

- E If the Plane of the Dyal be parallel to the Horizon, it is an 
Horizontal Plane. 

IE. If the Plane makes Right-angles with the-Horizon, it isan 
Ere& or Upright Dyal. . 

- + NE If an Obtuſe-angle with the- Horizon, it is an Inclining 
Plane ; ; and whatit wants of a Semi-circle, is the Angle of Inclina- 
tion ; or it is the Angle made by the Perpendicular and the Axe of 

the Horizon. 
. IV. If an Aeute-angle, it-is a Reclining Plan. I do follow 
Mr. Gamer and Mr. Wingate: Others, as Mr. Oughtred, Mr. Wells, 
Mr. Newton, and Mr. Collins,do call my Inclining a Reclining Plane, 
and my Reclining, an Inclining Plane. 

Some call one the Lower Face, and the other the Upper Face. 
How to find the Angle of Inclination,I will ſhew in the laſtChapter. 

V. If an upright Plane does reſpe& the South, ſo that the Meri. 

dian is perpendicular to the Plane, it is called an Erect, Dire& 
South-Plane. In'this the Meridian is the Subſtile. . 

VI. If the Meridian-Line and thePerpendicular ts the Plane be 
divers, the Plane is faid-to decline; and the Angle made by the 

' Meridian and the Planes Perpendicular, ae er” 
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If an vpright Plage has the Sun ſhining on it at Noon, it is a 
South Plane, and the Centre of the Dyal is above ; if it has not, it 
isa North Plane, and the Centre of the Dyal is below. : 

V1I- If a Plane be neither Ere& to the Horizon, nor Dire& to 
the South or North, it is called a Declining Inclining Plane, or a 
Declining Reclining Plan. Tg | 

VIII. If a Plane be parallel to any great Circle that paſſes 
through the Poles, it is called a Polar Plan, and is parallel to ſome 
one of the Hours ; fo that the Pole is. veither elevated above, nor 
depreſſed below thePlane,and conſequently theDyal has noCentre, 
and therefore its Stile, Subſtile and lower Lines, are Parallel. 

If it be parallel to the Hour of Six, it is a Direct Polar Plane, 
and the Subtitle is the Meridian, and its Inclination is equal tothe - 
Elevation of the Pole. | | | 

If to the Meridian, it is an Eaſt or Weſt Dyal, and its Subſtile 
is the Hour of Six. 242 <1 

1.' Obſerve all Angles are uſually meaſared by 2 Line-of Chords, 
where Radius or Semi-diameter 1sequal to the Chord of 6@%. and do 
contain go?. which is aQyadrant z ſometimes by a Tangent-line; 

2» If the Hours of a Dyal be never & truly drawn, - if the Stile 
be not well plac'd, it will not go exact ; therefore obſerye theſe 
Three Rulesin ſetting your Stile. . | 

' 1. That it has the ſame Centre (if there be any) with the Sub» 
ſtile and Hours. J E,. 
 -. 2, Its due Angle. | | 

\.3- That it ſtands perpendicular to the Subſtile. 


the Pla Eaſtward. 


F< 


F009 SS 


The Nature of Sines, Chards, Tangents and Secants, with a 
| T able of them for each Degree. Es 


BN I ED of each Degree of:: the Quadrant.) Ther 
_ will fu. ſhew what ines, Chard, Tangents: and Secants.are. 


N the enſuing Page is # Table for the Sines,.Chords, Tangent: 


| Let ag 4b be.the'Qua- 
drant of a Circle, 44 hany 

- Angle: Here it is equal to 
60, whoſe' meaſure is the - 
Archd h.- Make 4 f parallel 
to 4 g, and' de parallel to 


Y ad; toada apply the per- 
g pendicular ca b. Suppoſe 
Ay a 4 the Radius to be Equal 


to 10000, then d b is the 
Tangent of the Angle 4 4þ =60= 17320; df isthe Sine of the 
ſame Angle = $8660 ; a bis the Secant of the ſame =20000 3 and 
d his the Chord = to double the Sine of 45 ='30 5 half the- Arch 
=.2,'If 5000 = 10600. = 
The Angle pg 4 4 is the Com mplement of the Angle dab;ke what 
it wants of 90% = 302; 5 and 4 c 15 its "Tangent = $773 3 =&4e isits 
Sine = 5000, and aeis its Secant = 11547; anddg is its Chord 
_ ='todoublethe-Sineof'15® half the-Arch'=5196, andthe fame -— i - 
' LinEs are Known if you-compare them with the Arch 4b,” by the 
names of the Co-tangents, Co-lines, "Co-ſecants,” and- Comple- 
ments of the Arch 4h —= 60%.. Obſerve; in this Figure'here are 
| ſeven like Triangles, viz. b ac, bda, cda, bfd, df a, aed, 
and dec ; from* whence ariſes ſeveral Proportiotand continued 


Proportions by: 8 #c. 6. | | eb 781 
1. ca "of As F | b : Rr 
Tangent. Radius. Co-tangent. are in continued Proportion. 
3.4 þ a d. ab. —— Soae. - ad. AC. 
C5-ſine. Radius. Secant. Sine. | Radius. Coſecant. 
are in continued Proportion. - | 
3- : a db:: 'de. ae: ac. ab. 
Radius. Tangent. | Co-ſine Sine, Co-ſecant. Secant. 
4. ad. "+ at. de::: ab. Ac. 


Ins Co-tangent. Sine. + Co-ane: Secant. Co-ſecant.- 


_- 2: Inevery plain reQangle Triangle, if one Leg be the Radius, 

. the other Legis-the Tangent of its oppoſite Angle; ; and the Uypo- E 
| thenuſe is the'Secant of the'ſame' Angles” / © 

2 >K Ys If the Hypothenuſe be: the _ eachLeg is isthe Sine fit | | 
o appoltr Ang, RES |= 
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—O , Smes ="  Tecanr, oO Gf. = C{Co-1ang. -Coſceam, | 
5 1.374 174 7 ==, 14018 [572900\5,72987 
2 |- 349] 349 | 349] 10006 $3 | 9994 13893286362; 2865 37 
3 | 523] 523 5244.10014 87 | 9986; 13767 |190811|191073 | 
4 | 597| $98] 699] 10024 56 | 9975; 136401143007 1143356 
5 - 871 _872 875 110038 8 | 9962 * 13512 114300 114737 | 
] & j1045 | 1046|| 1054 | 10055 84 '9945 | 13332| 95144! 95668 
7 [1219 |1221| 1228] 10075 83-j 9925 i 13252 $1443 | 82055 |- 
$ 2 | 1394 | 1405] 10093 $2 9903 : 13120] 71154' 71853 
9 1569 | 1584 |10124 $1 | 9877 12889] 63137 63924] 
of 5 1743| 1763 | 10154 80 9848 ; 12989 56713] 57588] 
Pages 1917 | 1944 | 10187 79 9816; weft 51445 i 5240$| 
2090 | 2125 | 10223 78 [9781 12585] 47046 | 48097 
2264| 2309 | 10263 77 | 9744} 12450] 43315! 44454 
2488| 2493 | 10306 76 | 9703| 12313 40108, 41735 
8| 2610] 2679] 10353 75 | 9659] 12175 37320, 38637 
2784| 2867 | 10403 74 | 9612| 12036] - 34874, 36279] 
2956| 3057] 10457 73 19563] 11896] 32708] 34203Ff 
3128] 3249] 10514 7? [9510| 11756] 30777] 32360 
, 3301] 3443] 10576 7! 19455] 11614] 29042] 30714 
£3473] 3640] 10642 70 \ 93971 11472] 27475| 29238 
'3644| 3838] 10711 69, [9336{ 11328] 26051] 27904 
3816] 4040] 10785 68 [9272] 11184] 24751] 26695 | 
3887] 4245 | 10863 67 [9205] 11039 23558] 25593| 
4073] 4348 | 10904 66 [9170] 10966] 22958 250780 
44583] 4452] 10946 66:(9135 | 10892| 22460] 24586 
4328 4663 11034 65 9063! 10745| 21445] 22662 
+1 4499] 4877111126 64 18988] 10598] 20503 22812 
4669] 5094 | 11223 63 | $910| D449 | 19626Þ 22027 
4338] 5317] 11326 62 |8829| 10300] 18807]. 21300] 
5co7| 5543 [11433 61 | 8746] 10150] 18040] 20626 
5176] 5773111547 6o | 8660} 10000 | 17320] 20000 
5345] 6008 | 11666 59 Tra 9848 | 16643] 19416 
$512 | 6248 |11791 58 | 8480} 9696] 16003] 15871 
5680 | 6194 | 11923 57 [8256} 9543 | 15395 18361 
5818 | 6745 [12062 56 |8290, 9390| 14825] 17883 
6004 | 7002 | 12207 55 8191 , 9235 |. 14281] 17434] 
6180, 7265 | 12361 [54 $090 | 9080 | 13764] 17013 | 
6346 | 7534 | 12521 53 1 7986 $923 13270]-x6616|: 
6510| 7813 | 12690 52 |7380| 3768 | 12795$]. 16242 
6676| 8098 | 128E7 S1 [777 $610} 12349] 15896 | 
[6840 $391 13054 | 5O 7660 | __$452 11917] . 15557] 
7004 | 8693113250] |. [7547 | 82931 11503] 15242 |. 
7166 |-g900f 13456} 43 17431]- 8134; 14106] 14545 | 
733a| 9325/|13673 47 17313}: 79755 107231-146637.-- 
7494 |: 9651 [13901] . 46 17193 7814 , 10355] 14295 |. 
7654 000811474. 45 ; 7271 | _7654. 10600] 14142] 
-1Co:C..Co-ten 'Co-ſec. | 2 Sines | | Cords. Tangent. "oncaſy f 
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_- If you have a Diagonal Scale for an Inch and half an Inch, this 

Table will ſerve for Radius of 10 Inches, -5 Inches, one Inch, and 
half an Inch ; and if you double the Numbers it will ſerve for a 
Radius of 20, or 2 Inches ; if you will half the Numbers, it will 


| ſerve for a Radius of 2 half Inches, or one quarter of an Inch. - 


If you deſire to find the Sine,Chord, &c. of any degree, for any 


 -other Radius, ſuppoſe 3 Inches, then you muſt work by the Rule 


-of Three; as what is the Sine, Chord, Tangent and Secant for 20 
Degrees, the Radius being 3 Inches = 300, Say, _ 


{0 Sine Sine Cord Cord Tang. Tang. 
T ©OOO. ZOO : : 3420. 102,6: © 3472. I104zl i; 3640. 10992. 
Secant- Secant. | | 
I0642-. 319,2- 


If you deſire to find the Sine, Chord, &v. for any Minute, as 
what is the Secant of 38* 5o', take the difference of its neareſt 
Setants, viz. 39, 33, which is 00177, then ſay, 60, 50 3: cor77, 
00147, Which added to the Secant of 38 = 12690, the ſugm 
12837 is the Secant of 38, 5o, which was deſired. Its Co-ſecant 
is 15947, its Chord is 6648, or by the Tables of Natural Sines, 
Tangents and Secants, or the Table of Artificial Sines and Tan- 
gents by finding the Natural Numbers. of each Artificial Sine and. 
Tangent, as-is directed in moſt Authors. 


"CH 4A P; UL 
How from this Table, and 4 Diagonal Scale, or Scale of 


Equal Parts, to make an Horizontal Dyal far any 
Lat itade. ; | IP : : 


| IN the Line 1,c, 4, ere&t the Perpendicular e«, whichis the 


place the Tangent of every 15 Degrees from the Meridian, as 
they are in the Table in the Margent, Page 5. As the Radius be- 
ing equal to an Inch = 100,-place the Tangent of 19* = 26,8 


a 


| S-- ad 


\ 7 Meridian, and the Line le'd isa Tangent Line, on; which 
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.on the Line led from the Meridian on each Side of it, as e1,e 11,, 
-for the Hours of 1 and 11, and the Tangent of 30% = 57,7, on 
- _the fame Line, on each Side of the Meridian, as e 2 e to, for the 
Hours of 2 and 10, and the Tangent of 45* = 100, on the ſame 
Line on each fide of the Meridian, as e 3, eg, for the Hours vf 
3 and , and fo the Tangent of 60.= 173 for 4and 8, and the 
Tangent of 55 = 373, for 5and 7. : | 


VE WK 7F- WT vv 


Rad. 1000 
Sine #782 
Co-ſine 622 
51® ZO' Sec. 1606, 
Co-ſec.1277 


thor:|Ang. PoleſTang | |hor. Ang. Pole) Tang, | 
>! * ..B ©| 45 » | | roooſ 
- I} 3. 45] - 65 I | 48 . 45] 1140þ 
Sk. 7... 30] 131 2 | 52 . 30] 1303 
. 3| 11. 15] 19 DE-X 56 . I5f 149 
IT of 15, of 268] 401|-60.. | 17532] 
..14 48 #5] 33 I | 63 . 45] 2028] 
|. .2| 22 » 30| 41 2 | 67 . 30] 241 
þ3|26-15| 499 [3721-15294 
PF © 30 - $77] 15 0] 75 - [3732 
| - T1] 33. - 45] 66 .- | 78. + 45} $027 
pe 3 2] 37 « 30] 767 0g - 39] 7595] | 
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Meridian for the Hours of 6. 


—————— 


From this Tangent, .ſo marked, may be. made any. Horizontal 
or Dire& South or North, whether Upright, Inclining or Recli- 
ning for, any Latitude, by the true placing the Centre of the Dial, 
which is always fonnd by taking the Co-ſecant of the Stiles" AI- 
titude above the Plane in equal Parts by the ſame Diagonal, and 
for the ſame Radius, and placing it on the Meridian from the Tan- 
gent-Line for: the Centre, then conne& the Centre: to thoſe 
Marks, and you have the Honrs. 

To find the tile, take on your Diagonal Scale the Secant of the 


: Stiles Altitude, and place it on the Tangent-Line from the Meri- 


dian, which conned& to the Centre, that 1s the Stile. - 

As to make an Horizontal Dyal for Latitude 5130, the Tan- 
gent-Line / ed, being-mark'd as before, then take the Co-ſecant 
of 519 30' = 127.7, and place it on the Meridian from e tb. «, 
then 4 is the Centre of the Dyal, to which joyn- the other 
Marks, -you have the Hours ;, and take the Secant of 51% 3&' — 
160, and place it on the Tangent from « to d, joyn ad, that is 
the'Stile ; for as the Radius is to the Tangent, fois the Co-ſecant 
to the Secant, Chap. 2.Se&#. 3. Foraſmuch as here is not room 


| 'on the Tangent / 4 to place the Tangent of 759 = 373 for the 


Hours of 5 and 7, you may make uſe of a lefs Radius. Let the 


Radius be half an Inch = 1003 then from the Centre «4, puta f 


on the Meridian = 1 27,7, the Co-ſecant of the Stiles Altitude 51® 


30, and at f apply another Tangent-Line; then on the Diagonal 


Scale, on the half Inches, take the Tangent of 75 = 373, and 
Place it on that Tangent-Line on each Side of the Meridian, as 
f'5> f 7, joyn 45, 47, thoſe are the Hours for 5 and 7 ; If you 
continue them through the Centre, they will ſerve for 5 in the 
Morning and 7 in the Evening ; ſo you muſt continue the Hours 
of 4 and 8, and through the Centre draw a-Perpendicular to the 


An" Erett Dired South Dyal, Lat. 51% 30. 
If you will make a Dire& South-Dyal, *the Tangent being made 
as before, for that the Stiles heighth is:3 8% 30! above the Plane, you 


muſt take itsCo-ſecant -= 196,6.and place it onthe Meridian from 
e tog, where is the Centre of your Dyal; which connect to. thoſe 


marks on the Tangent-line, and you have the Hours from 8 to. 4 


' For the Hours of 7 and 5 (the Tangent being not long enough ) 
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make uſe 'of a leſs Radius, viz. half an Inch. © Then take of that 
| Radius the Co-ſecant of 38* 3o' = 160, and apply another Tan- 
gent; whereupon meaſure 373 the Tangent of 75* for the Hours 3 
of 5 and 7. Then for the Stile, put the Secant of the Stiles Alti- E 
tude 38*® 3o'—=128 on the Tangent-line from the Meridian , 3 
which being joyned to the Centre, is the Stile. | 


Of Placing the Ehers. 


In every Dyal truly placed, if you ſtand on the South-ſide of 
the Plane looking Northward,” the Hours on-your Left-hand 'of 
the Meridian are the Morning Hours ; on your Right-hand are 
the Evening Hours ; but if you ſtand'on the North of the Plane, 
your Face. being Southward, then 'the Forenoon Hours are on 
your Right-hand, and the Afternoon Hours on your Left-hand ; 
for your Right-hand in relation to the Plane, is where your Left- 
"hand was. | 


p 
*&: 


fn Horizontal. Dal for Lat. 560, 


HI. If you are to makean Horizontal Dial for Edenburgh, where 
the Latitude is near 562, then the Tangent-line being divided as 
before, takethe-Co-ſecant of the Stiles heighth 56* ='120,6, and 
place:it on the Meridian from eto 5: Then at is.the Centre of the 
Dyal, / which'connect-to the Marks on the Tangent-line, and you 
have the Hours. | For the Stile you muſt take the Secant of '562® 
= 198,8, and ſe it on the Tangent-line, which if you joyn to 

the Centre 5, you have the Stile. 27 


An Eref, Dire#t South Dyal, for Latituge, 86 Deg. 4 


TV. The Tangent being divided as before, takethe Co-ſecant 
of the Stiles Altitude 34-4. =478,8, and put it from e to m,then 
m will be the Centre of that'Dyal,- to which joyn the Marks'on - 
the-Tangent, and you have the Hours.” ' For the'Stile put onthe”: 
Tangent, the Secant'of 34 4. = 120, which connected tomis the - 
Stile. Eh SN GE. 

If the Centre of the Dyal be given; then-take-the Co-ſecant"of 
the Stiles Altitude in equal Parts, and place it from the Centre 4 
Wa # Sp $+.., þ ' ih 7. , \the- 
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the Meridian, where 
mark it as before. 


Of Diret# South Dyal: nelining and Reclining ta the Horizop. 


V. After the ſame manner, all Dire& South-Dyals are made, 
whether the Planes be inclining or reclining, obſerving this Rule 
In placing the Stile. IS. 2M | 
If it be a direct South-Plane inclining to the Horizon,vide Cap.r.. 
Set. 3. then the difference of the Angle of Inclination, and the 
elevation of the Pole is the Heighth of the Stile above the Plane. 


apply a Perpendicular for a Tangent, and 


If the Poles? greater} thunthe Angle ) North.) Pole is ele- } below 
elevation > vof Inclination, © - | pvated;Ethe' > 
be 1 les  thenthe j South j Centre'is J above 
If Equal, then it is a Polar Plane. 
If it be a Dire& North-Plane inclining to the Horizon, then 
the Summ of the. Angles of Inclinativn and: Elevation of the Pole 
'& the Heighth of the Stile above the Plane. If the Angles be equal 
to g04. then it isan EquinoCGtial Plane, being parallel to the Equi- 
nox, whoſe Gnomon ſtands Perpendicular to the Plane, and its 
Hours are equally divided, each Hour being 15 Degrees... 

- Obſerv. The Reclining Dyals are to be madein the ſame man- 
ner, and that a Sonth Inclining Dyal is a North-Reclining/Dyal ; 
and a South Reclining Dyal is a North Inclining Dyat : In all theſe, 
the Meridian and Subſtile are the ſame. 


Demonſtration. 


EE, At the interſe&ion of the Tangent with the'Sub-ſtile, ere&t a 
6 Fig. I. Perpendicular to the Stile, as er, to which make e y, on the Sub- 
3 ſtile Equal ; then ey is the Radius on which a Circle is to; be de- 
ſcribed, _ which repreſents the Equinox, and is to divide the: Tan- 
gent-lina into Hours : To avoid which/Labour, ey being equal to 
the Radius, we do take the Tangenes from the Table. 

Then if the Line 4 e be the Radius, the Line er, or ey is the 
Sine of the < ear, the Stiles heighth, and'e1 ore 11, is the 


Tangent of the Angle on. the Plane. - P 


> 4+ - 
1 Gm 
PS 


If the Line er or ey 'be the Radius, then'the Line ae is the 
Secant-of the < 4 er, and Co-fecant of the Angle e.ar the Stiles 
heighth,and e dis the Secant of the < r ed, or <r 4 e, the Stiles 
Heighth, and eT, e11, is'the Tangent of the Angle at-the 'Pole 
with the Subſtile=Tangent 15=25 : From whence follow 

As e y the Radius, isto- ey the'Sine ;, ſois ei the Tangent of 
the Angle at the Pole, to es the Tangent of the Angle on: the 
Plane; . which is the Rule in Trigonomerry to find the Angles made 
by-each Hour, and the Sub-ſtile on the Plane. 

To make er = to the Radius, we muſt make a e = to the Co- 
ſecant of the Stiles altitude. Let us try this Rule by Calcu- 
lation. -- | | 

As the: Radius is 10.000000 

| to:the Sine of the Stiles heighth 5 1® 30o/ ' 9:893544 
For I. So is the Tangent of the Angle at the Pole 15* 9.428052 
to theTangent of theAngle on thePlane 11® 51' 9.321596 


For 2. 80.the Tangent 30 | 9.761439 
-;to the Tangent '24 19 _ 9.654983 

For 3. $0 the Tangent 45_ 96> £0 eee 
| to the Tangent 38 03. _ _ 9.893544 
For 4. So the Tangent 60. p h I0.23856t 
-4;11,7 forthe Tangent 53.35. "5547 TO LAAIOY 
For 5. ; So:the Tangent” 75  10.551947 
to the Tangent 71.06 | I0.465491 


Here is one Inconvenience of Drawing the Hours-bv a Tangent 
on a ſmall Plane, that the Half-hours,next Six a Clock cannot be 
drawn.z. and on declining Planes, One Hour ſometimes cannot : 


'To avoid which,” we may uſe Mr.-CaſſePs Invention, of /Harr-Mall, -. - 


_ *Make a Rectangle Parallelogram, ©rwo of whoſe Sides are paraF- 
Tel to the*Snbſtile; -and-eachSides Diſtance from/it, is -equalto 
the'Sine-vf-the Stiles Heighth-above the Plane-; !then-crofs the 
Subſite at” Right-Angles with -1wo- other Lines, - one -palfiri 
' through the Centre,” whoſe Diſtance mult -be equal: tothe CoZſo- 
cant df the Stiles Heighth, Fr HLESG-ToMT.. 


"= ts  '# 


—— 


Fig. 1. 


Then on the oppoſite Side to the Centre place the Tangent 


that each Hour makes with the Sub-ſtile at. the Pole, as is before 


dire&ted. Then for the other Hours, Take the' Co-tangent of 
the Angle: that each Hour makes with the Subſtile, and place it 
on the Sides parallel to the Sub-ſtile, from the Sidepaſling through 


the Centre, which in the Horizontal ,' and Dire& South-Dials is 
_ -the Hour of Six ; 


then joyn theſe Marks to the Centre, and your 
Hours aredrawn. -- | | | | 
For that the Side of the Parallelogram oppoſite to the Centre is 


' not long enoughto draw the Stile according to former Directions, 


take the Co-ſine of the Stiles heighth, and place it on one of the 
parallel Sides, which conne& to the Centre, that is the Stile. _ 
As on the Horizontal Dial, let bc, k þ be the Q, the Sides 
b h, ck, the Diſtance from the Sub-ſtile 4 e = to the Sine of the 
Stiles heighth 519 30' = 78, the Radius being 100 make bh, ck, 
— Coſecant of 5 12 30o', the Stiles heighth = 128, 'then make e 1.1, 
e 1 = Tangent of 15* = 27, for 1 and'11 a Clock, and e 2, eto 
= Tangent of 30* = 58' for two and 10 a Clock; and foraſ- 
much as on this Side þ k no more can-be placed than on the Sides 
of the DO bh, ck,. makeb5 c 75 = Poe 41 of 75 = Tangent 
15 = 27 Radius being 100,for 5 and 7, andb 4, c 8 = Co-tangent 
of 60-= Tangent, 3o=58 for 4 and 8, and b 3, cg = Co-tan- 


' gentof 45 = 100 forzg and g aClock; conne& theſe to the Cen- 


tre and you have the Hours : . To draw the Stile, make c » = Co- 

Jine51* 3o' = 62 joyn 4'n, that is the Stile. _F 
Obſerv. Make uſe of as large aRadins, to meaſure theſe Lines, 

as your Plane will bear ; and by the ſame Radins you meaſure your 


'Co-ſecant,. you muſt meaſure your Tangents, and by a longer 


Radins you may meaſure your Sines and Co-tangents, for in all 
upright Dials your Plane will bear it... | | 


Demonſtration. © Yds 

_ In the Horizontal Dial inthe.4A 4c »,. you will find that « c 
being the Radius, c# is the Tangent of the < c 4», and Co-tan- 
gent of the Angle e « - the Stiles heighth, and «cis made equal 
#0 the Sine. of the. < e a7 the Stiles heighth.. "Therefore as the 
Radiysac. is to the Tangent. cn, ſo is : the Sine; 4c. to, Co-ſine 
£1 by Chap. 2. Seft..4. 1o the Angle © 2 :is equal. tathe, Comple- 
ment-of.the'Elevation of the:Pole. ou oe 
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In the A 4c 7, 4 c being the Radius c 7, -is the Tangent of 
_ the <ca7, equal Tangent 15 = 27, and Co-tangent <7 4 e 
the Angle on the Plane with the Sub-ſtile, and 4c be the Sine, 
then c 7 is the Co-tangent of the Angle at the Pole with the Sub- 
ſtile. Therefore, 

As the Sine ac 1s to the Radius 26, ſo is the Co-tangent of 
the Angle at the Pole with the Sub-ſtile to c 7 the Co-tangent of 
the Angle on the Plane with the Sub-ſtile ; as by Calculation you 
will find. | 


As the Sine of 51® z3o/ | 9-893 544 - 
is to the Radius | I 0.000000 
For 1 So is the Co-tangent of 15? I0-571947 
to the Co-tangent 11* 51/ 10.676403 - 
For 2 So is the Co-tangent 30? | I0.23856r1 
to the Co-tangent 24* 19 I0.345017 
For 3 Sois the Co-tangent: 45* I0.000000 
to the Co-tangent 382 03/ | IO0.106456 
For 4 Sos the Co-tangent 60® | 9-761439 
| to the Co-tangent 532 35/ 9.367895 
For 5 So is the Co-tangent 75? 9428052 
to the Tangent 712 06'. | '9-534507 


How to make a Dyal on an Erett Declining Plane.” 


VI. What an Ere& Declining Plane is, vid. Chap. 1. Se. 6. 
In Declining Planes, before the Hours can be drawn, there are 
_ Threethings requiſite to be found ; that is, 1. The Snbſtiles Di- 
ſtance from. the Meridian. - 2ly. The Stiles Heighth above the Sub- 
ſtile. 3ly. The Angle at-the Pole made by the Subſtile and the 
Meridian, which is called in theſe Tables Enſuing, the Inclina- 
tion 'of the Meridian, by ſome the Difference of the Meridians ; 
' all which are exaQly found by Calculation, and; therefore in the 
following Pages I have preſented you with two Tables calculated, - 
the one for the Latitude of 512 15 ; the other for London, whoſe 
Latitude:is 51% 30'; which Tables with-taking their Difference, 
_ and working by the Rule of Proportion, will ſerve for any Lati- 

tude in England, without any ſenſible difference. EI I 


Cathy 
bo, 


As what is the Subſtiles Diſtance, the Stiles Heighth, and th che 
Inclination of the Meridians at Cambridge, where the Pole i 18 cle- 
vated 52* 20' for 30® of Declination, 


| Subſtiles Stiles Inclinat. 
4 /F. . Diſt. Heighth Merid. 


5). | 
Firſt Table Lat. 152. Sr | 219%.:52/ | 32-49] 36-31 
Second Tab. Lat. FI + 21. . 41 | 32 +37 | 36. 25 


Their Difference Is | '$ 
Cambridge Lat. 52%. 20/ 
London Lat.51 .30 


_ 


Difference — 00 . 50 


Then fay, if the Difference of The Latitudes of the Tables 1 5 . 

do give 50', What ſhall r1/ give ? 
Subftiles Stiles Tnclinat. _ 
Diſtance - - Heighth Merid. 

15- $0 :: 11.37 3:02 46.77%; 85 20; + 20 
Which ſubſtraQted from the Requiſi _e for the Latitnde of Londin 
you have the Requilſites for Ca 
cry Diſt. Stiles] Heighth. Inflin.:Merid. 


At London « 41 32.37 36 - 26 
Prop. Diſt: 37 @- 3 54 20) 
At Cambridge 21» '£ bh, I ge 
By Calculation thus. By 
Radius | ©, T0.00000 |; 
Co-fine Declin. ZO0-CO - 9.93753 f 
Co-ſine Elev. | 52 50." \g79609 © 
Sine Stiles Heighth 31 57” 9.42360 '\ 
Radius | I'©.00000 
_ Sme of Declin. $000 -g:;69897 
:Co-tang. Elev, _ 52 20 92887959 
Tang.”Subſt. Diſt. 21 06 | :g.98656+ 0” >: 
Radius > ; p6.00060® 
"Co-tang. Declin. 30 00 1023856 
Sine Elev. $2 '20 "9-389849 "Ha 


10.1 lon Þ 


po Inclin, Merid. 36 os. 
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37 . 12 
37. 21 
37 . *2ZO 
37 + 39 
37 bs 47 
37 + 54 
38 . OI 
33. . 08 
38 . 14 
38 . 19 
38 . 24 
38 . 28 


138 + 32 


38 « 36 
38 + 39 
38 « #1 
38 «43 
38 » 44 
38'« 45 
38 . 45 


137 © OI :12 , 


it. 4 


IT . Og| 


IO « 37 
9 « 56 
9 . 19 


8 « 42|. 
$8 , o6| 


7 + 29 
G6 » <2 
6. 14 


$406 
- 4 « 59 
F IRS 
3 + 45 
3 - O08 
2 .'20 
x + 53 
I: 8 
O + 38 
O » Co 
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Gechy Subſ.dr IT. "Fin. ber: Belg. To I TT _s [= Sul diſt, 7 Fit _ ' Incl. ul Mer. 
| 6:48/38.29| 1:17 [46|29-40 [25 - 37]52< 55 
2 1-1 . 36 23.28 2 231} © 149} 30 oth Fe hp 14 boenk 
2 |-2 + 23138 + 27]-3 « 49 48] 39 + 35 Þ 24 + 38154 +» 50 
4 } 3-5. 11]38'. 24] 5 +-07 19] 39 +» 58. | 24. 06155 + 46 
5 [3 + 58138 . 20] 6 + 23 50|31_- 21 Þ23 + 35 56 - 42 
6 | 4 + 45|38 « 15] 7+ 39 51131 + 45"|23.+ 04|57 + -38 
77] 5 + 32133 « 10] 8 + 55 52132 ©5 [22 0.32 [58 « 33 
3 |-6 « 15138 . 0410, 11] 53132 - 26 | 22. 0c |59 « 28 
9-4 7.4 05137-19735 5 37 54|32 + 46 |21 - 28|60 . 23 
io | 7 + 52 37 49112 - 43] 55 33 - 06 | 20 «» 55 |61 « 17] 
iT | $8 « 37137 + 4o]13 +57 $6133 « 24 | 20 « 22|62'. 10 
li2 | 9 +» 23[37 » 3o|15 +10 57133-+ 42 | 19 + 49|63 «» 04 
13 | 10 . 08|37 + 20|16 . 26 58] 34 + 00 | 19 . 06163. 57 
14 | 11 + 06[37 . 0g|17 + 40 59] 34 +» 15 | 18 « 42[64, 4 
15 |1T . 38]36 . 58118 . 54 60134 + 33 | 17 + 56|65 . 4 
16 | 32... 22136 «- 43]20 + 07 61] 34 « 47 | 17 . 24] 66. 3 = 
17 | 13 . 04|36 «+ 32]21 +» 20 62135 + O5 |17 « 00|67 . 24 
1% | 3 . 49|36 » 18]22 . 33] Þ$31]35 + 28 tbe. mee 
20 |15 « 13]35- 481] 24 + 57 65135 + 43 [15- 15169 + 57 
& 21 is . $5] 35 . 33] 26 - 09 66139 + ©© on nag 
an [16 . 33] 35 +» 16]27 . 19 67136 « 13 | 14 . 05171 + 38 a 
* [24 [17 + 5] 34 +» 39] 29 + 38 6g [36 *'36 [12 + 53[73 + 16 
25 18 .'34] 34 + 21130 » 47 70139 » 46 | 12.,. 181 74 » 06 
26 (19 . 13134 + 01131 . 56 [71136 « 55 FIL . 41174 +» 55 
27 [19 « 50] 33 + 42133 . 04 [72137 + 06 [11 4 06175 + 44 
28 |20 + 29] 33'- $0134, . 12 93137 + 15 [10 » 29176. 33 
29 |21'+ 05132 « 59135 + 19 74137 +24 | 9 + 53177 » 21] 
30 |21 «+ 41]32 + 37136 » 25 751 32.-.3? 9.16 78 . Og 
3r [22 . 15]32 + 15[37 . 31] _ 176137 + 4© 8. 40178. 57] 
22 |22 +» 50|31 +» 52138. .36 77137 +47 | 8 . 03179... 46 
23 [23+ 25]31 + 27139 « 45 178137 +53 | 7 - 27|%0. 33 
24 |23 - 59|3T + 04]40 « 49%] [79 37 + 59 |. 6. 49 $1. 21 
3s 124 - 31139 « 40|41 . 49 80|33_- 04 | 6.- 12|*2 . og ; 
36 |25 + 0430 . 1442 , 52 $138 . 09 5 . 35-182 . 56 
38 |26 + 04|29 + 221,44 , 58 $831]38 + 17 4 - 20184, 31 
29 [25 + 35|23 « 5614s , 59 $4138 « 21 | 3. 44|85 « 18 
40 27 + OJ 28 . 29]47 . 00 8% 38 » 23 3 - 06186 - 5 
T {27 + 33]28 . ol - $6133 - 26 | 2 . 28186 . 52 
10h 28 . O01 27 . 33/40 * 00 [89138 . 28 |-1 « 52187 < 29] | 
zz |28 + 29}2?7 + ©5|5o.. oo $8138 » 29 -| 1-. 15198 « 26 | 
44 [28 +55 26 . 36 <0 . 69 8g |38.+ 297] O « 37 [99 » 13 : 
I I | London | Lat. ET. 20." | 


- See As Ex >plinaron in the i OO Page. "i 
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a Rad: S. Declin:: GT: Elev. "Subſtiles Diſtance. 
-As Rad: C.'S. Declin :: C. S. Elev.” Stiles Heighth. 
As Rad : C.T. Declin :: S. Eley. G.T. Inclin. Meridians. 


Direttions for making an Ereft Dechning Dyal. 


E. With a Line and Plummet, . let fall a Perpendicular to the 
Horizon, which in all upright Dyals is the Hour of 12, if the 
Centre be on the Plane. 

II. Then by the foregoing Tables, the Sub-ſtiles Diſtance be- 
Ing found, place it with a Line of Chords to the 


Right ) Hand of the Meridian), W lingd: 
left j if the Plane declines; Eaſtward 


For the Sub-ſtile is to ſtand Fug among} | Evening 


if the Plane Decline the £ Morning £ © Hours. 


10M. From the Centre take the Co-ſecant of the Stiles heighth, 
as-in the Tables, and place it -on the Sub-ſtile, where apply a 


. Perpendicular for a Tangent,and another through the Centre. 


IV. Finiſh your 0 by drawing two Parallel Lines to the Sub- 
ſtile, whoſe Diſtance is Equal to the Sine of the Stiles Altitude : 
Then take the Secant of the Stiles Altitude, and place it. on the 
Tangent from the'Sub-ſtile, which joyn'd tothe Centre is the Stile; 
or its Co-fine, and place it on the Parallel Side. - =. 

V. By the Inclination of the Meridian, found by the Table, 
page 15, 16, yon may find what Angle each Hour ' makes at 


_ the Pole, witkithe Sub-ſtile, | by fubſtratting 15* from each Hour 


that is between the Subſtile and Meridian, from the /Inclinatiof'of 
the Merjdians; as you find it in the Table, and by adding r5%for! 
_ the other Hours. 


\ VI: - Then take the Tangents of thoſe Saries by the firſt T able; 
and. place them on the Tangent Line from the. Sab-ſtile, thenjoyns 


thoſe Marks to.the Centre, - and your. Hours-are drawn. And for! 


_ thoſ& Hours that will not come on the/Tangent,! Placertheir :Gge" 


tangent /on the -parallel Sides : - Obſerve 5; every-:& Hours) has © 
the ſame Diſtance on the Parallel Side; as they haye onthe F [Lan | 


hone Line. | Fo bodies m6 q 


\ 


A South Erect Dyal, Declining Eaſtward 40*, Lat. 51* TE: 
Let 4 d be the Meridian, and Perpendicular. to the Horizon, 
the Centre of the Dyal ;. by the Table, page 15, you- will find 
the Sub-ſtiles Diſtance = 259® 17', the Stiles Heighth, = 28 3g. 
the Inclination of the Meridian = 47 05. 


Fig. 3- 
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' Make the Angle 44 e = Subſtiles Diſtance = 252 1 

by a. Line of Chords , or by the Table," the Per Breres 
'  =47 to the Left-hand, becauſe the Plane Declines 5: Amer: 

then conne&t ae, that i is, the Subſtiles, place 'the Co-ſecant of 

the Stiles Heighth 28® 39' =208 on the Subſtile;- the” Radius 

og 100 \from--« to e, where / apply a Perpendicular” for a | Rn 
angent, Ag he k, and finiſh your” 5 by drawing #46 thrangh | 
e: Cent: 5 Parallel to be k, and make «bj #7," #, 6% '=="g6, 
_ the Sine: £28"59', MOOR OTE 2003Joyn- Tuck by won 
a iniſted. *Then. 
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w the 3 Are of 7 Draning. | 


| Hor.[Zor PoleTang, | 1c 21 4, Malkin L060 
[- 2. 177: = 05 77: 95. 14399 -] - . - . Sine 45S 
| 1 62. 05 11887 | StilesHeighth © Co-fine 879 


Secant ' 1149 


12 [147 - 05 1975 232 29/ e Co-ſecant 2085 


1-33 - OS 1 927 


| 10 [17 - 05 m_ | _ "Then take theDiſtance of each Hour, 


LE: eons as they arein the Margent, and place 
TIE CDs = nc OED Ae them--on the Tangent Line from the 

8 (12 . 55 | 292 Sub-ſtile,- as make eg = 0:36 = 
27 » 35 | 332 | Tangent32 os, the Radius = 100, 
42 « 55 | 930 e10 = Tangent 17 05 ='30,7,e11 
| — Tangent 32 o5'= 62,7, e1i2.= 
172. + 55 3254 | 47 05. _ 107, tb the Tangent 


| 2= IM | 27489 Line e & cuts the Meridian ed, if there 


be no Error. 
Then on the other Side of the Sub-ſtile make e $8 — 'Tangent 


132 55 = 23, £7 = Tangent"27 55,= 53, e6 = Tangent 42 
+55 = 935 for that ke Tangent Lint bk can contain no more 


Hours. 


Ce OO IO ITE" 


* 


oe ile. 


On the Sides of the 2 make e2 — Co-tangent,97 05 = 46, the 
Radius being 200, then/is er —= = Co-tapgent, 62. 05 = 196 
c 12, Co-tangent 47 % = 1 $6. 
;On.the'other Side of the 0 "make b 3 = Go-tanget 8.5 5 = 
72 4 = Co-tangeat 72 55. = 62, 6.5 = Co-tangent 57 v5. 
'conne&t bn = Co-line 28 39 =175, joyn ar that 15 the 


- Obſerve; Here is. 3 a Clock jn the Morning marked, -- which 
is beforp San-ciling;,) but: if; YOw-0OnkINuE S—_ the Centre: 


 biwilliferve forthe Afeerioong!-i")-5 %0 


_ hw /="ope A MD adonth Þ Gzallel Sifles, 2s 
oiugy ooh as Rn to, has 31 _ 
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VIL To make an Ereft Eaft or Weſ Dyal, Lat. $1* 19! 


If it bean Ere& Eaſt or Weſt Dyal, the Plane does decline g0* 
and by the Table, Page 15, you will find the Sub-ſtiles Diſtance 
—38 45, the Stile to have no Altitude, and the [nclination of 
the Meridians = go deg. 


_Eigure 4: 
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Angle at the Pole 

12 | 90 Tangent” 

r 75. — .373. 

"> "% EG =" 773" 
3 45 = I©0 
4,30 = 577 

> :75-$avſtite+ 

7 301 = WE * « 

8 30 = $577 
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Firſt, | Let fall 4b perpendicular : to'[ths 
Horizon,' then with the; Chord of 60-draw.an 
Arch of a Circle tothe" Poindla;:thenrtaks the 
"Chord oof the Subſtiles! Diſtince 38% g;.{6m 
a Lineof Chords or + Diago u-Scaleeqaal 663. 
and place-it from'b toc to: the! 
cauſe the:Plane Declines Weltward; 4 Joyibaicy 
that isthe:Sub-ſtile, -whichs is:the Honr:ofcs. 

-- Though theStile hasno 7:0 f alticude, 
yet we \mulſt place a Stile of a 'convenienit 
length, wont a third part of the Finds Pare 
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lel to the Sub-ſtile, to give the Shade; let the Stiles heighth bean 
Inch equal roo ; to the Sub-ſtile apply de, -Perpendicular for a 

Tangent, then find what Angle each Hour makes at the. Pole 
with the Sub-ſtile, by comparing them with the Inclination of the - 
Meridians; then take their , Tangents in equal Parts, as in the 
Margent of the foregoing Page, and place them on the Tangent - 
- from the Sub-ſtile, through which Points draw Parallels to the - 
Sub-ſtile for the Hours : the Line Fg is the Hour of 3 and Stile. . 


VIII Hm to EL an Horizontal Dyal, the End of a Staff, __ or 
| other Body giving the S, ade, Lar. $1* 10. 


'You:muſt conceive the end of the Stafffor Poſt 'to be one Point 
of the Stile or: Gnomen, and is called the Node, and any one - 
Point of the'Stile will give the Hour as-tfue as the whole arid if 
the, Hours are drawn long enough. 

'With a Square find the Point dire&tly under the Node, which 1- 
Ef call the Sub-ſtile Point, then meaſure the Diſtance from the Sub- 
| Tile Point of the TIE of the Staff or. N dy, ep find the y_ 


as... 
OO of VR EET ut, 


as follows: Let ae.bethe - Menhlian, and 4 0 the Staff ſanding 


.... Perpeudicular ta the. Meridian, oits Vertex.or.Node,.. being. one--: 


Point of the Stile, a the Sub-ſtile Point, if the Staff incline to the 
Horizon. as 70, with 2 Square find the Point direaly under i i, 
as a, Which is the Sub-ſtile Point. 

- Then with a Line of Chords mike the Angle ave equal c 0 Ele- 
vation of the Pole equal 38* 50'; and at e, where it cuts the 
'Meridian-1s the Centre ob the Dyal; connect eo, that 1s the Stile 
then take the Co-ſecant of. the Stiles Altitude 519 ro equal 128, 
.and place it on the Meridian from the Centre e to c, where erect 
a Perpendicular for a Tangent, as ca, and compleat the 0 agd 

proceed as before is directed in Dyal, Fig. 2. 

Or find the Centre thus : 
Let a0 =Radins = 100000, then ae is equal to the Tangent 

of the Co-elevation ofthe Pole = Tangent 38® 5o' = 80498. 

If a9 be of any other Length,as 96 ; then ſay, as roo000 Boggs 

::* 96 77 275 —ae the Diſtance of the Centre from the Sub- 
Fils Point. 


IX. How t to make a Dyal. inthe Ceiling by the Refleftion of a 6 TY 


"i Refietting Dyal (if the Ceiling of the Room on which.it Uk | 
-to be made, and the Glaſs, be Parallel to the Horizon) is but , 
an Horizontal Dyal reverſed; for that, according tothe: Opticks; - 
the Sun, the Glaſs, and the Reficttion : arein a ftreight Ling; and! 

. the Angle of Refle&ion is equal to the Angle of {ncidence,"-and! 
the Glak you muſt conceive to.be one Point of the Gnomon ;/with- 

a little Water placed by the Glaſs, you may try by its Reflection 

whether the Glaſs ſtands Horizontally. 

Firſt,. you muſt meaſure the Diſtance between the.GI3fs and; 
the Ceiling, in Equal Parts, which ſuppoſe to be 4#Foor, or 48 
Inches, or 96 half Inches ;. then make # o Equal to g6, and Per- 
pendicular to the Meridian 4 e: then proceed as.in. the former 
Dyal, firſt finding the Centre, . as is-hefore directed. - - 

- But, : foraſmuch as-the Centre of the Dyal will not be in the 
Room ( if the Window be. Southward )- .you muſt draw the:bldur | 
. Lines: by two Tangents. 

Having found 4 e =77, the Radius being 100; "fo that e re is 
the Tnet of. the ug ſobltratt that out of the. © Corſecant "of 
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the-Elevation'of the Pole, viz. 128, reſt 51, which take off the 
Scale, and place it from 4toc, where ere& a Perpendicular for 

a Tangent, where ſet the Tangent of 15, 30, 45, 6o, and 75, 

as before. ky A... 

Then from c., on the- Meridian, ſet the Difference of the Co- 
ſecant of the Pole's Elevation. Of a longer-Radius.,cither in Inches 
or half Inches; as ſuppoſe the Radius to be 2 Inches = 128 to f, 

- where apply another Tangent, then for each Hour take donble- 
the Diſtances of the Equal Parts of the firſt Tangent Line : For 
Radius 100,' ec. 128 :: Radins 200 ef 256, and 100, 200 :: 

C1 26,4, fi, Y3,6.:: c2 58, f2.116 :: £43 lo, f9 200, - 
64 173, f 4 346; then the ſecond. Tangent being thus marked 

and joyned fo the Marks of the firſt Tangent, you have the 

Hours. 'The difference of the Co-ſecants, which is the Diſtance” 
between the Tangents, is found by multiplying the Co-ſecant - 
in the difference of the Radius's in Inches or half Inches ; as here, 

one Radius being 1 Inch, the other 2 Inches, multiply the Co- 

ſecant 128 inn, thence f the difference of the Co-ſecant is 128. 

If one Radius be an Inch, the other 2 Inches and an half, mul- 
tiply the Co-ſecant 128 in 3, the difference of the Radius's. in-: 
_— the Produ&t 384 half Inches is the Diſtance between 

cand f. © = HI 

To find the Hours on the-ſecond Tangent, ſay ; 2: 5:: 26,8,. 
G7 2: 58 145 :: 100250 t: 173 4325. : 

. To fave the labour of Multiplication, let the'differences of. _ 
the 'Radius's be Equal to an Unite 3 5. e.. to an Inch or half ar: 
Iach. ER : | | 


XK. How from' the End of the Shadow of any thing, as a Pin, . on 
an Upright. Declining Plane, 'to make a Dyal, Lat. 519. 15. Ler- 
the Plane decline 15% Eaftward, kt the length of the . Pin be 9,5; 
" Tnches.. 42 


Witha Square find the Point dire&ly under the top of the Pin” 
at d; which I call the $nb-ſtile Point; fron-that-Point d, with a: 
Eine and Plummet let fall a [Perpendicular tothe Horizon, as 4p 3... 
then by. the, Table Page 14,. you: will have for .15 deg. of Declina-- 
tioa;the Subſtiles Diſtance tobe 1 19:44/, . the- Stiles Heighth- 39® 
23. laclin. Merid;. 18% 59, make -the-Angle p 4o' = —_— 

ED EWS. . a7 __ Diſtance: 
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Diſtance = 11 44 and to the left-hand being the Plane;” declines 
" Eaſtward, continue od and pd, make 4nz = to the length of 
— the Pin = 9,5 Inches, and the Angle 4 »/ = Declinatioh of the 
Plane = 15?, and place it to the right-hand, becauſe the Plane: 
declines  Eaſtward-; wake 41, perpendicular to dp -for- an'Hori- 
zontal Line, and at, where /z cuts the Line '41, is one-Point- 

of the Meridian ;- make + a parallel to d », then / 2 is the Meri- 
diar; and at 4, where it cuts the Subſtile, is the Centre of 

the Dyal. From the Centre 4, ſet on-the Subſtile 165, the Co- 
ſecant of the Stiles Heighth 37% 13', the Radius: being 160, toc, 
where apply a Perpendicular fo the Sub-ſtile for a Tangent ; and 

b. compleat the DO by making ab, ac, eh, ek= Sine 39% 13! .— 
= 60, Radius being 100, conne& bh, ck, then take the Tangents 
4 of the Angles that each Hour makes with the Sub-ſtile at the 
Pole, by comparing them with the Meridian, as it is in the'Mar-- 
gent,--and placing them onthe Tangent from theSub-ſtile, which 
joyn to the- Centre, and you have. the Hours of '9, 10,1 1,'1r2;'2:37 

-_ and for the other Hours, take the'Co-tangent of the Angles each! 

; Hour makes with the Pole, as £4 = Cotangent-78'58 = 19, 3! 


» - FCo-tan- 


4 F F #; 


3% a 


» : _ 
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= Co-tangent 63 $8 = 49, £2 = 
Co-tangent 48 58 = 87. © 1 = Co- Hor: < at Pole Tang, 
tangent 3358 = 148. And on the 5 M4. - T4421 
other Side s= Co-tangent $6 2.= G ; «Ml 2910 
O7, bs = = Co-tangent 7I2= 34» 67 | : N J6, 1484. 
= Co-tangent 56, 2 = 67, 68 = Co- 3; 41.4 
tangent 41 2 = 115- 9 .26, 2 «<: 

The Centre may likewiſe be thus + 0-4». Io: 699 
found; make / » =1zand the Angle | Subſtile. 
|= 4 = Elevation of the Pole = 51* ti. 3-385 69 
15' and at 4, where it cuts the Meri- 13.18 , 48. 343 


Wn, is the Centre of the Dyal. . - I . 33 . 38, 673 
Rad.100037 13 2 . 48 . 58 . 1149 
Co-ſine 796. 3 + 63 . 58 « 2047 
Sine 605 | 4 « 78 . 58 . 5128 


Co-ſecant 37 13 1653+ p 
Secant 37 13 I255- 
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ef: A North Dial! 
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XL How to make an Upright declining Dyal in a Plane, where there is 
0 Gonveniency of having a Centre : A North Plane declining Weſt- 
ward 809. Laf.'51* 15/. PE. ER 


In the foregoing Scheme let half an Inch be = 100, and then 
the Numbers in the following Table are proper to it. 


A North and South Plane of the ſame Declination are made af- 

ter the ſame manner, and by placing the upper Side downward, 
a South Dyal will ſerve for a North Plane ; bnt the Hours in the 
one are the Complement of 12 that they are in the'other, as 3 In 
one, is 9 in the other ; and 8 in one 1s 4- 1n the other, and ſome- 
Hours are to be omitted, and others added. * If a. Dyal does de- - 
cline about 702, or upwards, and you place the Centre in the Dy- 
al, the Hours near the Snbſtile will be ſo cloſe together, that the 
'Hour-lines will be confounded : To prevent which, the Dyal is 
to be made without a Centre,” by two Tangent-Lines. © -, 
By the Table-page 15, you will find, the Declination being 
$0®, the Sub-ſtiles Diſtance 1s 38* 19/, the Stiles Heighth 6® 14/, 
the Inclination of the Meridians 82® 10. Let fall a Perpendicular 
tg the Horizon, as'db; then make the Angle b d e'= Subſtiles 
Diſtance = 382® 19/,- which place to the Right-hand, becanſe the 
Plane declines Weſtward; 'joyn d eto h, that is the Subſtile. 

Then draw two Tangent-lines perpendicular to the Subſtile, 
whoſe Diſtances are to be Equal-to- their Co-ſecants of the Stiles 
Altitude = 6 deg. 14 min. whoſe Co-ſecant is 921. the Radius . 
being 100. | | | 

You are to uſe two,ſuch Radius's as that both their Tangents 
may be on the Plane ; 4. e. on this Plane, whoſe Radius's differ 
but half an Inch ; for if they differ an Inch, then 9,21 Inches muſt 
be the diſtance between the Tangents, which this Plane will not 

Let bne-Radins be one Inch and an half, the other two.Inches ; 
therefore multiply the Co-ſecant of 6? 11, viz. 921 into half the 
Produ& 460+ is the Diſtance in Inches between+: the Tangents eh. 
Then on the firſt Tangent, take the Numbers under Radius 150. 
Make e7 = 19, and to the: Right-hand:e 8 ='61, e f'-= 150. 
Then. on the other Hand, e6 = 20,6 e5 =63, eq4=116, 
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Dyalling.. 
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e3 =198, e2 = 368. 


And on the ſecond Tangent. take the 


Numbers that are under Radius 200, as hq =25, þ8 = 81, hk 


12 |82 


" 


2 « 
7 


F=i8 
22 


37 


wA 
Is 


0 
Subſtile 


. Jo 


. un 


[Hor Zi Pol Rad, 


* IO 
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I'O 


5O 


5O 
5O 
5O 


IOO 
Tan. 
40+. 7 
+ * $5 


13. 7 
42.10 
77. 6 
31,9 
2454 


Rad. 
150 
Tan. 
Gl, 


181 


20,6 
63.1 
[16,5 
19,8 


7963 


Rad. 
200 


Tan. 


368/491 


[= PBwhauna wo 


Rad. 
ſ Sine 


1000 
: 108; 10,8] 16,2] 21,6 

Stiles H., Co-line 994 9934 14,9 198,8 : 
6. 14+ pSecant 1006 10046 15,0] 20,1 
L Co-ſecant 9210! 92,1 138,1]184,2 


', = 20. And onthe other ſide of the Subſtile hs = 27, h 5 = 8g, 
 b 4 = 155, þ3 =264, b2 = 491. Then joyn the Marks for 
the ſame 'Hours.on each Tangent, and you have the Hours: And 
if you joyn kf, you have the Stile. You need not enquire after 
the_Centre, for there is no uſe of it; but if you delire it, the 
Co-ſecant of the Stiles Heighth will give 1t you ; z. e. it is 1381. half 
' Inches from the firſt Tangent, and 18,62 half Inches ifeom the- 
ſecond Tangent onthe Subſtile. | h | 

If you turn-the upper ſide of the Dyal downward, then it is a 
South Ere& Dyal declining Weſtward 8o deg. Then you muſt 
new mark each Hour, by putting the Complement of 12. and 
omitting the Hours after Sun-ſert,and adding the Hour of 2 and 3. 


How to make a Dyal on aff Upright Declining Plane, a Pin, or any other . 
' thing giving the Shadow, the Centre being not on the Plane. 


Though this contains the two laſt Seftions joyned in one,yetwe | 


_ _ cannot find the Centre of the Dyal by the method-in the Tenth — _ 
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Se&ion,; it being not on the Plane ;, neither.can- we by the Pre» 
\ eeding Scftion draw the firſt Tangent: at pleaſure; for thar the 
' Length of the Stile is given ; but we mult find the Diſtance of the 
Centre from the'Subſtiles Point by Delineation:or'by Calculation 
as by SeR. VIII. Fhett by comparing, it with the Co-ſecants of 
the Stiles Altitude, the Diſtance: of the firſt Tangent from the 
Subſtile Point is found. ; > | 
As Latitude 51 deg./ 1 5 min. the Pin being 14,5 Inches inlength, 
the Declination of the Wall being 65 deg. Weſtward. 
* By the Table-Page 15, for65 deg. of Declination, 'the Subſtiles 
Diſtance'is 36 deg- 2. min. the Stiles Heighth-1 5 deg. 20 min. the In- 
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- clination of the Meridian is:70 deg. 1 mijn. 


| | Radius | 1060; 
Stiles Heighth - _ Sine &  . 264, 
15 deg. 20min. Co-line g64 
$  Secant 1034 
__- Co-ſecant 3781 


% 


- 


'_ ___ By the preceding Rules, having drawn the Subſtile, the Centre 
af the Dyal being Logo tobe on: the Plane;Ow ſome other 
Plane make a' Rectangle Triangle, one of whoſe Legs is equal to 
_ the length of the Pin = 14,5 Inches ; Theft on' the end of that 
Leg make an Angle equal to 74? 4o', then the other Leg is- the 
Diſtance of the Centre from the Subſtile Point: Or by-theDofrin 

of Plain Triangles, asin the Eighth Seftion, thus, - ' - . 

- As the Radins is to the Co-tangent of the Stiles Heighth, . | 
So is the Length of the Pin: to the Diſtance of the Centre from 
the Subſtiles Point. | | : 

F Radius _ | © $0-000000 
1 Co-tang. 15® 20/ 10.561441 
Pins Length 1445. * + 1.161368 
Centrual Diſtanceg2,88 -_ 1,723309 


- ., Then taking the Difference between the. Co-ſecant of. the Stiles 
 Herghth, 3781 Inches, and- the | Diſtance of the Ceatre-from the 
Subſtile-Point, 52,88. viz. 15,07 Inches; and place it on-the Sub- 
&ile' Point towards the Centre, for- that the: Diſtance: of [the 


REDS" (GOO PCP 4 ve as H—— 


 * . Plane, having the Lavit, 


reater_than the Co-ſecant of the 
erpendicuhr to the Subſtile for 
firft Tangent ; an& fot the ſecond Tangent take a ———_ 


the 

' wy 

Q=- 

ſecants 37,81 Inches is the diſtance between the-Tangents. - Then 


Hours <at Pole Rad:1006-.” Rad.2000.. 


IT." -$5.d1 11468 22936 * 
I2. 70.01 2750 550d... 
'4| 55-01 1429: > 858+. =)... 
3 25.07 469 <\ \ 932% ez *$ 
4 (meh TYE&\ *,\ $$2.-2X4 
q-.1. Subſtile "M73 " 5 
$- : {452 ;  \ OF \ Xo. 
6. 19.59.) - 1364\ "R285. - 
Te 34-59%. \699g- \ 1368. | 
8. '/ 4959 | ©... 9p 2382, 40s 
Co-ſecant 15% 20'* .  g78r © 7562 \ |} 


Secant | a 034 —_ 2068-"- — 


«How to make any Opie Ty without knowing the Declination of the - 
\ Plane at Noon. Lati54* 15* 9/7 I8yC od) 


At-arconvenient; place. put an Iron Pit into-the-Plane,-atTeaft - 
6 Inches in length; the Shadow of whoſe:end& ſhews the'Hour, 
as.d e,. whoſe length. is..6;38 Inches. With « Squarefin@/d(the 
Point dire&lyunder.it, which-is the Subſtile Poine-: At 12 aCl6k 
take notice- of -the .end of the;Shadow-of the” Nede'or Pin at 
Then through the the Snbſtile- Point 4, with a Line and'Plam 
let fall-a Perpendicular to the Horizon,-as 4b, and draw fitt- Ho! 
rizontal Line. through 4; as 4. Through g" draw 4 Pallet - 
- db, which is the Meridian, aud-joyn-mits Intertahi with the-- 
 Horizontal-line to the Node; -as'm e, therithe' Angle #'tm 15 the 
Declination- of the Plane = 46. -- On the Horizefitsl-line mike - 
. Wn —me, and make the Angle m.» 4 = Elevation of the Pole 
_ R | | | —. Fr?. 
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59min, = 19% 
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==4%J S. : Then at apertars] is cuts the Meridian; 1S the Centre 
of the Dyal ; conne& 4 4, that is'the Snbſtile. - 

By the T able, Page 14. for 46? of Declination ; the Subſtiles 
Diſtance is 30? = to the Angle'd am; ' The Stiles Ucighth 
252:46'3:{3 The Inclination of the Meridian 539 1'. | 

:;Fhen;meaſure2 30. the'Co-ſecant' of the Stiles Heighth' 25® 46. 
the Radins = 1as=Inch'on the Subſtile from the Centre to c, 
where apply & Perpendicular for a Tangent, and another through 
the. Centre z then compleat the 2 by-making; a 1,2 o, c h,c oi 4% 
the; Sine. of. 25:4eg. 46 min. the Radius being 5oo = + Inches. 
Then: on the ;Fangent-line make cg* = 8'deg. 1 min. = Th, and 


£10 = Tangent 23 deg-11 min/(==42, £1 Tangent 38 dep. 1 min. 


aa Anda the other ſide £8 = Tangent deg.'5o mip. = 12, 
= Tangent 21 mg; Sp 7 min. = ol 'c6 = Tangent 36 deg. 


And 


by 68. 1 | 2477 
Þ . 83 -- < I 8144 


"to: the Art of Dyalling.- J1-. 
Rs G. | | 
Hours <<atPole - Tangent- | 2 we EAR | % 
i: BF ce 2 782 
9 '- > 3 - on” | 6 Rad. PIE 
4M Subſtile - ;; OI 434 
g 6 22 Stiles Heighth Co-ſine goo 
i A » IN 4t7 25 deg. 46 min. )Secant 1110. 
- "I". - 053 Co-ſecant 2300 
q «31 - 39 12300 
4- - 66 . 59 2354 
0.6 yoo 
I2. J3 r-. 1330 
I. 
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And on. the Sides of the o make 7 5 = + Co-tangent 51 deg: - 
39 min. == 391, 14 = + Co-tang. 66. deg. 59 min. = 212, ly 


= Co-tang. 81 deg. 59 min. =70.. - On the other Side make 


012 = Co-tang. 53 deg. 1 min. = 376, 0 1 =-; Cotang. 68 dep. - 
1 72. = 200, 0 2= + Cotang., 83 dep. 1 min. Joyn theſe Marks - 


to the Centre, then you have the Hours. - 


How to make an Upright South Dyal, without knowing the Declination of: 


the Plane, the Elevation of the Pole being known. 


Firſt place a Pin-in the-Plane at leaſt ſix Inches long; as dey - 
almoſt upright, but a little inclining ; with a Square find the Point - 


dire&ly under it, which is the Subſtile Point ; and the.end of .the 
Pin which gives the Shade, the Stile Point. In the Morning, if 
the Sun ſhines on the Plane, obſerve the end- of the Shadow of the 
Stile, as at r, and through it draw a Circle; whoſe Centre is the 
Snbſtile Point. At ſome other time of the-day mark where the 
end of the Stiles Shadow does-come to' ſome other Point of the 


_ ſame Circle, as at f,, conne& thoſe; two Points f r,;then that Line - 


fr will be a Tangent to- the Subſtile. From the Subſtile Point 4 
let-fall a Perpendicular-to that,” Tangent-line; as c d;; which-is:the 


Subſtile, From d with a' Line and-Plummet, let- fall a Perpendi- - 
| _ cular, 
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"Oar to ihe Marta, as F "ag Then the Abgle b = cis ; the Subſtiles 
Diſtance. = 3o deg. which by the 'Table, Page 16, under: the 
-Subſtiles Diſtance, you will find the Declination of. the Plane 0 
'be 46 deg. Inclination of the Meridians ta be 53 deg. -07 win. and 


the Stiles Heighth 25 deg. 46 min. Then take its Co-ſtcant-230, 


and; lace it on the Subſtile from-eto a; then 4 is the Centre of the 
Dyal, and is to be made as Page 18. 


ſe «If Yau deſire to find theſe ik without the Table, by Galdt- 
ation. DS, 


Cec-ſine Subſtiles Diſtance 30 Pos 4 os 93753 I 
Radius | ro. ©00000 

Sine Elevation Pole 51 deg. 15 min. /- ' © 9.892030 
Sine Stiles Heighth 25 deg. 47 min. . 77 Prey 4 
Col ne Elevation Pole $1 ye I5 min: 9.796521 
- |” . Radius - _ 19-000000 
Sine Subſtiles Diſtance:3o de. (60> 9.698990 
Siip/foclin: Merid. 55 deg. 1 1 min 299% 1 +" 9002449 
X's *Badigs/ KF 4 | © * 2,” 0.600000 
Tania Elevation Pole $4 deg. 15 min. . 10.095509 
Tangent Subſtiles Diſtance 30 * 9.761434: 
__ SAINT None 46 or « nf x. 9.8 56 943 


£* 


XIE. - How t0 ak: aNofturnal ' Dyal, fo ſee: what s aclock at Night by 
the Stars, or at Day by the Sur, when it ſhines bright, or enoug 
"be Aiſcerned, but 0k el ear [7 give, a ſhadow, | 


Though this fort. of Dyal be not common; yet ivis very uſeful; 
For in atiy- Room \'whersi there' is a Caſement, and a Proſpett, 
you may make :it,, thongh-it 'does not reſpect the South : I wal 
ict deſcribe it, and ſhew: howto make anduſe it. © 

:In-the: Caſement of Window, a Ring muſt be. fixed or'a 
""Senviks fled,” or the An Angle of the Cifement;'or or ſome- othe Mark 
- inthe Caſemens,” or? Bar*of the” Window; and's'String: fome- 


_—_— the IG orci the: Wall above the Window in- the 


O_ 


Ro, 


u S 2 % R 
ap md... ci 


Room, tobe fixed according to Art, jn a South. Plane, of ſome- 
where below, ina North Plane: In the inner Side of the Win- 
dow, by the Motion of the String, the Plane of the Dyal is de-, 


ſcribed, as if it were of Boards faſtned to the Window, and _ 


the Hours are to be placed on the Wall on the inſide of the 
Window. | E ; 


» 


How to. uſe the Notturnal Dyal. ; : 


The Caſement being open,” you muſt move your Body till you 
ſee the Sun or Star through the Mark or Ring, then move your 
String, keeping it ſfrained till your Eye, the Sun or Star, and the 
String, are all in one right Line, then the String ſhews the Hour 
of the Day. by the. Sun, and of the Night by the Star. From 
whoſe Right Aſcenſion take the Suns Right Aſcenſion ( But if 
the Stars Right Aſcenſion be too little, add 24 Hours to it ) then 
the remainder added to the Stars Hour, . gives the Time of the 
Night : If the Sun ſhine bright, move the String, till the Sun: 
ſhines through the Ring or Mark' on it, nd it gives you the Time 
of the Day. ' It is of excellent ufe to find the difference of the 
- Right Aſcenſion, of any two Stars that are before the Dyal ; for 
at the ſame time you ſee what 1s aclock by each Star ; and the dif- 
ference of the Hours ſhews the difference of their Right- Aſcen- 
ſions. - | | 


How to mats the Nofurnal Dyal. 


You are firſt to take the Declination of the out-ſide of the 
Wall, and accordingly nominate your Dyal ; then the String be- 


ing fixe&on-the inſide of the Wall, and the Wall of an equal 


' Thickneſs, the Motion of the String does deſcribe a Plane even 
with the inſideof the Window, | and parallel to the outſide ; - fo 


that you are to meaſure in equal parts, the neareſt Diſtance of - - 
the Ring or Scotch, from- the Plane, deſcribed by the Motion - 


of the String, , and then the Dyal is, the fame with that Numb. X. 


and fo to be-made. {i 0147 SEE ine 23 Sant moth 
_- If the,Dyal be on; a North Plane, then-inſtead/of a String, 


you may. uſe a Ruler,!. for that the Centre-of the Dyal will be 


- 
% 


s ; There 


O 


There is a South Window, declining welt, Io?, Lat. 
where a Ring is fixt to'the middle of the Caſement, 


$1? 1, 

_ whoſe Diſtance from the Sub-ſtile Point, on the Tm; deſcribed 

"by the String, is 19,8 Inches. | | 
" SITS =. 

. q % ; Fig:9- Crs b 
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We muſt conceive the Plane &13h, to be the inſide of the Win- 
dow, g f a piece of Board faſtned to receive the Centre of the 
Dyal, Fd which the String is to be fixed, e to be the Ring in the 
: Caſement, -and the-Node or one Point of the Stile, whoſe Di- 
» tance from 4, the Sub-ſtile Point is 10,8 Inches ; but foraſmuch 
B as it cannot. be drawn on the Window,” let-} be done on a Table- 

Board, deſcribing the Plane & 1; hb, :0n each Side- its true 
Diſtance __ 4, the Sub-ſtile Point ; ; let edb be Perpeadleuler 
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to the Horizon, and de = 10,8 Inches, make d m # perpendi- 
cular to de, and the Angle de m = Declination of the Plane = 
109, which place to the Right-hand, becauſe the Window de- ' 
clines Weſtward ; at m where it cuts the Horizontal Line d ,, is 
one. Point of the Meridian, where draw a parallel Line to 4b, 
for the Meridian; then on the Horizontal Line make m2» — me, 
and the Angle m1 a = Elevation of the Pole =51* 1&/; and at 
a, whereit cuts the Meridian, as the Centre'of the Dyal, where 
faſten a piece of Board, as'gf: To take the Centre, joyn ad, 
that is the Sub-ſtile; then by the Table-page 16, for 10® decli- 
nation the Sub-ſtiles Diſtance is 4® 58', Stiles heighth '382 7, 
inclination of the Meridians 12* 45': Then take the Co-ſecant 
of the Stiles heighth 382 7' = 162, the Radius being: 100, and 
place it from the Centre on the Sub-ſtile from « to 5, where draw 
a Tangent, as rr,” \ {ay Bp | 

Then take. the equal Parts that each Hour makes on the Tan- 
gent with the Sub-ſtile,” as in the Margent before the Dyal; and 
Place theſe Parts-on'the Tangent from the Sub-ſtile, and joyn 
them to the Centre, and the Dyal is finiſhed. Here is no occalſi-- 
on of finiſhing the iI, for that the Tangent 7 5e continued, will. 
contain as many Hors as will ſhine onthe Plant ;. but if you are 
defirous to defcribe the D, make ac, ap, sr, sf = Sine 382 9 
'=62 joyn p4, ct, your 0 is finiſhed. | ALT 
Obſerve, In theſe No&turnal Dyals, the Hours to be difering 


- from other Upright Dyals, for the Morning-Hours are on the 
| | | 9 OY F 2 Right 


- Right-hand, and the Evening-hours on the Left-hand, for that 
we do ſtand on the North-ſide of the Dyal, as in Chap. 3. 

If the Piece of Board gf had not been faſtned to have- cut the 
Centre, then the String might have been fixed to the Ceiling at 
4, where the Line 4 being continued, - touches the Ceiling ; 
but then the Plane is not an upright, but an inclining Plane, 
- yet the Dyal will be true ; neither. is it properly a Plane to the 
* Hours that are on the Sides of the Window, but the Motion of 
the String deſcribes an irregular Body, yet the Dyal will go 
true. ; 

TheLine 24q, though it is here to the Right-hand, yet on 
the Dyal it is'on the Meridian: If the Thred be fixt above, 
and drawn through the Ring and ſtrained, it repreſents the Stile, 
and will make an Angle with the Quadrant equal to the Elevation 

of the Pole = 51 1o'. 


XV. How to walks any Uprignt, Declining Dyal for any Latitude, 
' Tithout the Table-page 15, Lat. 51* 15', declining Eaftward, 250. 


Let a be the Centre of the Dyal; 4 b- the Meridian, which cut. 
at right Angles with the Line »ed; make the Angle ead equal 
| Co-elevation of the Pole = 38? 45' 3 then make the Angle beg = 
Declination of the Plane = 25?, and place 

the Angle to the nn {. hand, the Plane declining þooofrard 
make eg —ed, and draw-g # parallel to 4h the. Meridian, 
joyn 47, that is the Sub-ſtile, to which at = apply mn Per- 
pendicular to the Sub-ſtile « 7, let m » be = = 9, conne&t am 
that is the Stile. So that the Angle » 4 «. is the. Sub-ſtiles Di- 
ſtance, and the Angle 74m: is the Stiles Heighth = 34* 33,. take 
its Co-ſecant 176, and place it from the Centre a-0n the. Sub- 
ſtile to h, where, at Right-angles to the Sub-ſtile-applya- Tan- 
gent, and mark the Hours as uſual.' To find the Inclination. of 
the Meridians, from þ take its-neareſt Diſtance to the Stile, and. 
place it on the Shb-ſtile from-þ to f , . conne&t fb where. the 

angent cuts the Meridian, then the Angle: hF+ is. the Inclina- 
tion of the Meridians. FP PP-L FROV 5,43 SHE 
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If you compare this Method with.the ro Seftion, you will find 

* them both to be done on the ſame ground ;; for in both, the Ele- 
vation of the. Pole, and the Declination of the Plane are given, 
and-in that the length of the Stile from the Plane in equal Parts, 
viz. ng is given, and the Diſtance of the Centre on the m_ 
EIS, 3.4 | Ian: - 


dian from the Horizontal Line, viz. e a 1s ſought after ;- in this 
ea is given, and »g is ſought, and if you work according to 
the Dire&tions there given.; The ſecond way :- Suppoſing »g the 
Length of the Stile to be given, you will find the Centre a: As 
let gnd be a ReQ-angle, gn the Length of the Stile, » d the 
Horizontal-Line, make \the Angle »g e = Declination -of the 
Wall — 252, and ate, where it cuts the Horizontal-Line, is one 
Point of the Meridian ; let 4 eb be parallel toe, then 2 eb is the 


- Meridian or Hour of 12; joyn eg, and make ed =eg, and the 
+ *- Angle e da = Elevation of the Pole. 51® 15'; thenat a, where it 
. cuts the Meridian, 1s the Centre of the Dyal ; joyn 47, that is the 


Sub- ſtile; at » erecta Perpendicular to theSub-ſtile, a », as n m, 
and equal to ng, conne& am, that is the Stile, and the Angle 


 n4e 1s the Sub-ſtiles Diſtance, and the Angle » am the Stiles 
 Heighth: Let þ6 be a Tangent-line to the Sub-ſtile, and hf 


the neareſt Diſtance of the Tangent to the Stile ; joyn fb, then 
the Angle hf b is the Inclination of the Meridians, which Angles, 
if you meaſure with a'Line of Chords, you-will find them agree- 


| ing with the Table-page 16 ; but foraſmuch as they cannot be fo 


exatly meaſured -as calculated, 1 will give you the Calculation 
by plain Triangles. 3 0 4 | 


1-H, aed given 4e = 275, < 


ead, Cp-elevation 38 45 to 3 &, eian given, at 27595 2e 


find de. Radivs. 93 26, to can an, 

4-Ce 275.044  2-439263 , £4275" 2:439263 
Tangent e4'd 38 45 9:-90449T | en 9326 _r.969902Sublſt.d. 

de 2206 2-343754 Rad. Io. 


—_. - Tan.ean1844 9530439 

2 A, eng given, ge—>de220 | * | 

6, <egn = Declination © S 28 {+1 64 
"25, to find »t gn Radins® 4 Sine ean 1844 ' 9.506727 


ye (de) 2206 2.343754 en 0326  1:-969702 
Sine eg n 25 ' 9,625948 Sine acen 90 10.000000 
' 129326  _ 1-969702 4129004  2-462975 
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5s 4, anm given, an nm to 
find n 4 m. | 
An 2904. 2462975 
2m 200 2.301030Stiles h. 
Rad. IO, 
Tang. nam 


3433 9.838055. 


6 A, ahb given, ah = Co- 
ſecant, Stiles heighth 34-33 
= 352,6, Radius = 200, < 


þ «ab = Sub-ſtiles Diſtance, 


. 21844, to find hb. 
Radius - 


I 0. 0000000. 

' ah3526 2:547282 
Tang, hab 18 44 9.530439 
hb 1196 2.077721 


7 &, fh b given, bf = de = 
Radius bh i19 6, to find 


<< bfb. 

hb f 200 ' 2-301030 

hb 1196 2.077721 
Radius - IO. 


Inclination 'of the Meridiin 
agreeing with the Table- 
Page 15. 


If »g, the Heighth of the Stile 
in equal parts be given. 

1 4, eng glven, ng 200, < 
e 1 g,Declination of the Plane 
25, to find ze ge. 


Sine eg 65 9-957276. 
ng 200 2.301030 
Sine egn 25 9-625948 
ne 93 26 1-969702 
Sine eng go. I0.0C0000.. 

£e 2206 


2 A, acd gwen, de(ge) 
220,6, < ade = Elevati- 
on of thePole 51 15to find ae. 

Radius __— 
ac (ge ) 220,6 2:343754 

Tangent 4de51 15 10.095509 


ae 275 044 2-43 9263, 


Y A > 
4 4 es q 
I , : 


2:343754- 


Tang. bfb3053 9.776691 Then proceed as before. 


If you are deſirous to deſcribe a Dyal on a Declining, Inclin- 
ing Plane, I conceive Calculation to be the beſt way, the multipli- 
city of Lines being apt to breed error in the Geometrical; there- 
fore ſhall ſay nothing of that, but leave to larger Authors, ag 
Mr. Wells, Mr. Gunter, &c. Yet. when you have found the. Sub-. 
ſtile, and the Stile, you may draw the Hours by this Method. 
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How to make any Eret Dyal from the Horizontal, whether-- 


it be a Diret# South Dyal, or a Declining. 


Aving made an Horizontal Dyal for that Latitude, wiz. 51% 


3@, at a convenient Diſtance draw a Perpendicular. to the 
[Meridian, as b f d: RE =”: 


_ 
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1. 4 Dirett Sourh Dyal. 


Then, if you are. to delineate a Dire& South Dyal,: vn your 
Plane draw two Lines q<s, < m2 cutting the other at Right 
Angles at <;, them < is the Meridian ; mark the ſame Di- 
viſions on the'Line q< s, as there are on: fd, 5.e. <1, < rt 
=Ff11, f1,-<2, << 10, flo, f2, <3,' <9=f9, f 3» 


"<4 <6=f8, f4<5, <7. =f 7 f5,- then on the Meri- 
- dian make < ms = fd, then m: is the Centre of the Dyal, ' which 


connett to the Marks before made, you have the Hours from 5 to 


7: Through the Centre draw a Perpendicular to-the Meridian, 


that is the Hour of 6; then. on this Dyal place <b = to f 4 


on the Horizontal and joyn. mb, you have the Stile: You _ - 


-muſt remember to mark your Hours fight, the Hours on your 


A are Afternoon, and hours on the Left-hand Morning 
ours. | | | ; 


Il. 4n Ereft Eaſt or Weſt Dyal. 


Make an Angle with the Meridian = < fda, on the Hori- 


zontal Dna and . F% 4 | 
if it +Eaſt 7 Place the , Left- | 

dean #WeſtS< to the | Right | 190d, aS< mb 

then 1:b,* which on the South-Dyal is-the Swile,”/ here it-fs the 


Hour of 6 and Subſtile, which croſſes at Right-Angles, that is the' 


Tangent ; then take thoſe. Diſtances that are on the Line fd jn 


the Horizontal, as fr, f 2, f 3, and place them on the Tangent-- 
Line from the Sub-ſtile on both Sides of it, where. draw Parallel-- 
Lines to the Snb-ſtile, you have the Honrs;z thoſe next the'Sub-- | 


ſtile are the Hours of 5 and 7, and the ſecond from the Sub-ſtile. : 


are the Hours of 4.and 8, &c.. This Stile having no Angle of Al-/ 
titude, muſt be equal in length to-the Hour of 3 =f 3, - on the 
Dorizontals. $ ys | £ 


III. As Ereft Dyal, declining Eaſtward 25%, Lat. 51*30': n 


+ - Having on the Horizontal Dyal drawn b fd, tf, > - 8A 
cuts the Mer 


idian make the An*; c = to the Declinati 


of 


as there are on the Line kf'w, on the Horizontal, beginning at 
the Meridian, as make << 11: on the Decliner =: f'e on: the 
Horizontal-< 10 = fr, < 10:= for, <#=ft, <5 =fu, 
<6 =fk, andon the other Side of -the Meridian < 1 = Fb, 
<2 =fx, and' <3 =f w. On+the Horizontal, from the 
Centre 4, let fall a Perpendicular to the Line kw, as 41, then 
f'1 is the Sub-ſtiles Diſtance, . to which-make. <7 on the Decli- 
ner equal, and- make << m.0n-the Meridian of the. Decliner. = 
f-4. on: the Horizontal,  joyn 12 #,' that- is the Sub-ſtle,. and m2 
is the Centre ofthe Dyal,, which- connef to the former Mark, 
and you have the Honrs:; at'n, where the Subſtile' cuts the Ho- 
rizontal Line q-s, ere& the Perpendicular =o, and'make » 0= 
- to 54 on the Horizontal, which is the Stiles Heighth, joyn m 9 of 
that 1s the Stile. | E ES i 7 


IV. How to make any Upright Dyal, . without: taking the Declination 
- of the Wall, having the Latitude of the Place, aud the; Shade:of the- 
Sun at Noon ; i.e. the Dyal NÞ 12, thought has no: Centre by 
the Harizontal, . ; os ACS a ; 
* +» Let*de be a Pinifixt into the Wall}, -d* the. Sib-ſtite-Point,, by 
e-the' Node, or the top of the Pin,., dg- its Shade at Noon, | 
through g- let: fall the Perpendicular- tothe Horizan,, as: mg; ms. 
Which is 7:9. the Meridian, | througtr.the Sub-ſfile-Point 4draw: 
aniHorizontal Line, as- 4m, joyn'em; then. the..Angle. de nm 
is.the?Declinationof the Plane 4; then.from the Horizontal take: - 
' the Diviſion eact:Hour-does-make on the Line c f w from -the:Me-.. 
Tidian,, and placethem on- the Decliner from »» on the, Horizon- 
tal Line 2d, as it 18 in the Margeny. ns: RES 
Then 'make on the Meridian of the Dzclination m2 a = f 4, 
then «is the Centre of the Dyal : But here being oppagt to. be 
none on-the-Plane, . at:a convenient Difti#nce onthe Horizontal, 
draw another Line parallel ta f 4,,. as, þ 4,...and: at.b,., whereut 
cuts the Meridian a-Parallel to the :Line. c £5 ,then-on. the. Hori-- 
zontal take the Difference between 41 and fd, which is = fon 


= 


EY LTITYYTYYYTY = ] 


de and place it on the Meridian of the Declina- 


_ . tion fromm to «, ,where draw a Parallel tom d, 


as &», then take-the Diſtance each Hour does 
make on the Horizontal - 4» the Line g þ from 
the. Meridian, and place it on the: Meridian of 


the Decliner from », as in the Margent ; then 
connect the Marks on both Parallels of the ſame. 


Hours, and your Dyal is finiſhed. 


T2 T 


Here is no need of finding the 'Subſtile, for d - 


is.one Point of it; nor the- Stiles Heighth , 5. 
for it -is given, it'being =; a=, and e- Tv; 


the Node, or one Point of tlie Stile- 


If the- two Parallel Lines d m#;;'' #1 be" Grft! 


7 


drawn onthe Decliner, then take the Diſtance 


on the Meridian between » and: #9, and place it 
on.the Horizontal, on-the'Line fd; front d to-- 
z, where draw a Parallel to the: Merid 
z1z andat 4 where it cuts the'Stile, let 4 
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lineating of a Dyal by a Tangent to the Sub-ſtile or Calculation, 
For when there is no Centre, it cannot be drawn by a Line of 
* Chords but by a Tangent-Line 3 and in many Planes a Tangent 
cannot be drawn to the Sub-ſtile, where it may to the Meridian, 
- it being but an Horizontal-line, as in Windows. - 
On any Point of the Meridian of the Horizontal, make the 
Angle gha = to the Complement of the Angle dem: on the De-—-. 
_ cliner, being the Angle of Declination. of the Plane. From #, 
the Centre of the Dyal, let fall a oy: ng gr togh, as ag, 
and on the Perpendicular make 4 i = d'e, the Pin of the Decliner,. 
- where draw a Line Parallel to gh, as cf, and at f, ' where it 
cuts. the Meridian,” ereC&t a Perpendicular, as f d. 


L————— — . 


CHAP; :V. 


Howto deſcribe the Tropiques and other Circles of Declination 

of the Sun on a Plain Dyat, theelevation of the Pole, and 

' the Suw's. Declination being given', firſt Geometrically, 
\ then Arithmetically: 15 11.22 a et Tori; 


'F the Stiles Heighth on the Plane be leſs than the Complement 
I of the Sun's Declination, the end: of the Shade of the Stile 
does deſcribe an Hyperbole z if equal-a Parabole,. if. greater an 
Elipſe; 1 will give you an Example of -Horizontal-Dyals iof each 
fort.,: though the firſt and ſecond neyer happens in England,” but 
on Inclining or Reclining Planes. - - '- NA WS Sy - 

" 1- An Horizontal. Dyal, the elevation of the Pole being 66* 30, 
At London ;, it being a North Plane inclining to the Horizon 1 52. 
. 2. An Horizontal Dyal for the Latitude-of 80 ;-or at Londox, 
+ North Plane inclining, tothe Horizonh28* 30), - ©) | 
, 3s An Horizontal Dyal for: London,/; whoſe Latitiide is 51% go': 

- Draw. 2- Lines,-- interſeQtipg at Right: Angles, as 54 GT 6. 
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Sun is in the Tropique of S, which in the Firſt Figure you may 
perceive to be a Parabole,. for that the Side of the Cone b g is 
parallel to. the Axe id: From d, with-the Diſtance g d cut gb - 
continued in k, then gk is the Parameter of the Parabole, of ' 
which take 4 part, and place it on the Meridian or Axe from 

d to p, then p is the Pole or Focus of the ſaid Parabole. -- | 
- The 2 Figureis an Elipſe, for that gb, the Side of the Cone. - 

continued, does cut the Axe in w, below the Vertex d. 

The 3 Figure is an Hyperbole, for that. g b the Side of. the 
Cone continued, cuts the Axe in w, above the Vertex d, and {o 
' is the Vertex of the oppoſite Hyperbole, when the Sun is in- the - 
the Tropique of V2. | | | 

1n both theſe dw is the Tranſverſe Axe, which if you bife&t. 
in 4,- then 4 is the Centre of the ſaid Curve's, and gw is the Fo- / 
cal Diſtance,, which if you biſe& inr, and put tw from the Cen- 
tre 4, both ways on: the Axe, as ap, am, you. have pm, the 
Poles or Focuſſes of the ſaid Sections. 

'Then on each of theſe Figures apply ſeveral Perpendiculars-to 
the Axe at the Vertexes, Poles, ' Centres, and other Points of "7M 
the Axe 3 as dq, pu, 4 x, 15, ns, make at the Vertex.dq=4dp; #2 
and in the Parabole, Fig. 1, px = 24p, connect q z,. that is the. ' 
Focal Tangent, . which is a Line that touches the Curve, where 
an- Ordinate applyed to the Axe at the Focus cuts it. - 

And in the other two Curves, at the Centre a, make 4 x-= ad,..- 
which in the Hyperbole, Fig. 3, place on the other Side of the 
Axe; joynxq, that is the Focal Tangent of theſe two Se-- 


"Then: - T 


- ions. 
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each of theſe Per epndiiym with the neareſt Nilauce 
—_ "Tiny bog ocal Tangent . s from: the Po 
x Caittes a1 1 Arch, cutting, no the hl perpetalicnlgy i in 7, then all 
4 es are Points of the faid Curye, which if you joyn witha a 
 _' dy hand, you have the Section deſired, 
po In all theſe Sections, the Ordinate h 4, which paſſes through | 
' . » the Focus," is the Parameter or laws reftum of the Axe, Figure 3 ; 
the oppoſite Hyperboles are the ſame, having the Game AXES and 
Centre, and the ſame Focal Diſtance. 

In the Hyperbole, from the Centre a, with the Semi-focal Di- 
I ſtance, cut the Tangent of the Axe in f, then 4 f is the Length 
2M -of the Semi-conjugate Axe, which if you connett to the Centre, 
8 and continue, you have one of the Aſymptotes, that is a Line, ta 
=_ the Hyperbole does grow nearer-and nearer, but never 
tou 

I do make but one half of the Dy, leſt too wy Lines ſhould 
make a Confuſi ion. * - 
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The Angles the Hours 
with the Meridian in the Pa- 
rabole by Calculation, Lat. 
66 ZO. 
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T he Angles the Hours make- 


with the Meridian in the Hy- 
perbole, by calculation, Lat. 
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The Angles the Hours make 


with the Meridian in the El- 
lipſe, Lat. 80®. 
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You will find in Afidorgine, 
S. Vincent, and others, that treat 
of the. Conicks, feveral other 
ways from theſe Lines to draw 
the Curves, but none ſo Uni- 
verſal and calle; as this, 


'The\ Ground of this is the Doarin of the Conick' Se&ions, 
for the Shade of a Stile on an EquinoQiial Plane, does deſcribe. a 
*Cone, whoſe Baſe is the Circle on the Plane, and 'whoſe Axe is 
the Stile, and all other Planes do cut this Cone obliquely, fo as you 
ſee the ſeveral Sections do ariſe : Indeed, if the Sun be near the ' 
' Xquator, it does properly deſcribe a Spiral Line z but the daily 
Motion of the"Suns Declination being fo little, about 24/, that 


it may be accounted a Circle. 
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tv the Art 'of Dyatling. a; 


If you deire theſe. Lines, in Numbers, ſuppoſe by the Stiles - 
Heighth in equal Parts to be 100000, then in the Parabole, Fig-1, 
yd is the Tangent of the Angle ybd = 432, the Complement of. 
the Sun's Meridional Altitude, when he is in the Tropique of =, 
Lat.:66* 3o' = 93251, and bd is the Secant of the ſame Angle = 
136732, theri by Trigonometry you may find g 4d, the Baſe of 
the Cone, and g k the Parameter : Thus, | 


- Sine bg d 23 30 . 9.600700-yand forybd 136732 5.135873 
: G 
& 


bd 136732 | © $5-135873(thatbd( gd 250786 5.399300 

Sine gbd 133 047 9-864127{(gd g k(gd 250786 5.399300 

£4d 250786 $:399300 "5—; -£& 459970 5.662727 

| _- The Parameter. 

In an Elipſe,- Lat. 802, - Fig. 2. 

w d the ſumm of ybw and ybd the Comple-+ Tranſverſe, 
of theTangents (ment of the Sun's Meridional( Axe, 
wg the ditference( Altitude , when he is in the Focal, 


of the Secants — Tropique of S, is the <Diſtance. 


wy Tang. ybw 976.30 4165309 b Secant ybw 56 39428366 
34 Tang. ybd 56 30 151083 g —bd Secant yb 4:56 30181180 


— % 


. wad theTranſverſe Axe 567613\wg Focal Diſtance 247186 
* Semi-tranſverſe Axe-283806 Ip = Semi-focal Diſtance 123593 
In an Hyperbole, Fig. 3. Lat. 51® 3+, | 
wd the Difference of ybw and ybd the Comple-) Tranſverſ. 
of the Tangents.) ment of the Sun's Meridional{ Axe, 
w # the Summ of JAltitude , when he is in the( Focal 


_ the Secants. © wTropiques, 1s the - Diſtance. 
wy Tang. ybw 75 373205 3» Secant -ybw 75 386370 
yd Tang. ybd 28 531717 * bd Secant ybd 28 113257 


dw Tranverſe Axe 320034 wg focal Diſtance 499627 
«. = Semi-tranſv.Axe 160017 'p = Semi-focal Diſtance 249813 


. How to make an Ereft, Diret+ South Dyal, ſhewing the Hours of the 
' , Swp"s riſing, for London, Lat. 51? 30'. FC. 
— To dowhich, we muſt draw two pair of oppoſite Hyperboles | 
. for the Declination of the Sun, m_ he riſes at 4 and 5 a Clock. 
| I .- Til - 
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when he riſes at 4 and 5 aclock, Latitude's t® zo, thus, 


Radins 


Co-tangent 5130 9.900605. 
Sine: 30 for 4 - 9.698970 
Tangent < 9.599575 


Suns Declin. 21 41 for 4 and 8. 


Sine I5, fory. : 9.412996 
Tang. of Suns Declin. 9.3 13601 
112 38' for 5 and 7. 
382. 30'/Co-elevat. of thePole, 
21 41 Declination of the Snn. 
Summ. 60 


By Trigonometry find what Declination the Sun has, 


Having found the Suns Decli- 
nation when he riſes at 4, to 
be 212 41/, at 5 to be 11* 38, 
then we are by the foregoing 
Merhod to find the Meridional 
Altitnde, by adding and Sub= 
ſtratting 21 4r, to and from 
the Co-elevation of the Pole, 
then yon have the Tranſverſe 
Axe and Focal Diſtance. 


111 ybw? The Suns Meridianal Al-? 4 aclock. 


Differen. 16 49 y 6d; titude when he riſes, as 58 aclock. 


Tang. y bw 6011 174492) Secant yb w 60 11 
Tang. ybd 16 49 30223 [Racy ybd 16 49 


Tranfverſ Axe 


Axe © 144269.| Focal Diſtance” - * 


201115 
164467 


1523791 


Having found the Tranſverſe Axe,. and the Focal Diſtance, we” 
muſt. ſeek. the conjugate-Axe.,. by taking the difference of” the. 
Squares\ of the Focal Diſtance and tranſverſe Axe, which, is- the 
Square pf.. the the Conjugate Axe: Or by Logarithriy take half 
| the-Summ of the: Logarithms of the Summ and. Difference of the” 
Focal Diſtance and tranſverſe Axe, that is the Logatithm of the 


RAMR-—13 Jo 26-6 5.50 2.1288, act Os 
Let « = Seri-tranſverſe Axe: p = Semi-focat Diſtance 5 =" 
ud ana 1, #- Jo \, ae : Logarithm 
px 224926 5-352039, 

Pp ——* 80656 - -4:906625 | 
rmhizge= | ig, | ori 
" S= T34098 --;2 - 1 {SPI 
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After the fame mariner we muſt find the Tranſverſe Axe, Fo- 
cal Diſtance and Conjugate Axe for 5 and 7, thus, | 


392 30' (Co-elevation of the Pole < 
11.33 Declination of the Sun. \ 


Summ 5o '8)__1ybw] the Sun's Meridional Al-? 5 a clock 
Differ. 26 52 7 /yb dFftitude,when he riſes at.j7 a clock 


Tang. ybw 508 119740 | Secant ybw 5o8 156005 
Tang. yb4 2652  y0660 ; Secant ybd 2652 112100 
Tranſverſe Axe . 69080 © Focal Diſtance 268105 
* = Semi-tranſverſe Axe 34540) p = Semifocal Dilt. 134052 
p - = | 168592 : 5.226838 
P * _ 99512 R . 4.947878 
pp —** =SS=167771 10.224716 
ON S =129527 5.112358 


Having found the principal Lines of each pair of Hyperboles, 
 weare next to find the Points of the Curves: In the Reaangle 
Parallelogram mz hc f. m is the Centre of the Curves ; cf =mb, 
an Ordinate, let g be its Symbol, zc = hf the Diftance of the 
Ordinate from the Centre or: Conjugate Axe; let » denote it, 
having either of theſe with the Axes, the other is found” by the 
Conicks. The moſt uſual way is, having the Axes and Central 
\ Diſtance, to find the Ordinate.; 'but for 'the-eaſier- delineating 
theſe Curves, is, having the Axes and the Ordinate to find the 
Centural Diſtance, for leſs Lines are required for delineation ; 
the lame Line hf ſerving for the other .pair of Hyperboles, the 
Rule is. | ka ebb : 32d 
' Sine * :: 4 (55-+gg) », thatis to ſay,” as the. conjugate . 
Axe' is to the Tranfrerl, ſo is the y/ of the Font of - the _ 
conjugate Axe, and the Square of the Ordinate to the Central Di- 
-- ſtance: By which Analogy,I have calculated the Central Diſtance 
= hf for ſeveral Ordinates, as they are here ſet down, both for 4 
and $ a clock, as alſo for 5 and a Hock, and for the Tropiques 3 


of each I will. give you two Examples. 
| vo, "Firſt 
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Firſt ſay, as s. * :: 57, the ratio 
n= 7, 2134 
8.=2 I3. 469 

/ f 
f, =. = &-F396 


0.853146 
I.129332. 


1.728814 for 4 and $8: 


Let g = 4 
To ss 181 41l 
Adde g g 16 


s.s | £ Lg 197. 411 Whoſe Logarithm is: 
. Whoſe Root extra by dividing by 2 
Add the common Logarithm of :, the ratio. 


You have the Logarithm of » = 9,525. 


Let g=20 
\ To 55 181 4ir 
Adde gg 400 


ss -- gg 581 4it whoſe Lo arithm is 


Whoſe Square Root, extracted by dividing by 2 


Add the common Logarithm of :, the ratio 
You have the Logarithm of hf —=# = 12 v1 


For. 5 and 7, ſay, ass* :: it theratio. 


n= 3.454 

"I - * 12 9527 

t = 5 = 02666. 

Let g = 4 

To 5s 167 771 

Add. gg 16 | 
* +gsg 183 771 whoſe Logarithm is : 


ExtraQ- ts Square Root by dividing by 2 : 
Add the-common Logarithm of the Ratio . - 
You havethe Logarithm of gr =» = 3 615. 


_ 


' 2-295371 


I. 147659 
1.728814 


0.876498 


2.764488 
1.382244.” 
1.728814. 
I.I11058 


Logarithm 
0.538322 
1.112358 


1.425964. 


* 
2:264274- 
1.132137 
1.425964 


' 0.558101 


Let 


Letg = 15 


To 5s 167 77F 

FAS fs Ah. Ly I, 
s5-|-gF -392-771 whoſe Logarithm is 2.594148 
Whoſe Square Rootextracted by dividing byz © - 1.297074 
Add the common Logarithm of #, +the Ratio 1.425964. 
You have the Logarithm of gr =» = 5 285 0.723038 


The Central Diſtance for ſeveral, Ordinates, for both pair of 
Hyperboles for 4 and'8 aclock, for 5-and 7 a clock, and' for the 


two Tropiques. : 

& ect » {ory *: Foggy * f Foes 
ep 2 [7233.9 lags s [8 ons 
E773 *, 1 7 ag I ade © D- 2 oo + 
F ike * 1 5 $28: org © 8 404 
13536.” F727 Wy © | Fs ® 1 ©-eg 
T1710 | 5 999 * 7 4 09 ©3929 
F 4 0 #4 8 g81 "= 4 364. 7 =2 IO . 004 

 £=412% 1 9 655 #.1 4908 #® 110 74 
#15.” 10 797 # '$ 285. N 13. 
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#F. 25 # IS 209:-2 . | 7 504 16 8&5 
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g. j36 » f20 585 n= [10 202 #n 122 79 . 
£ 4zr (22-60 ur 20 25. 05:97 


for-4 and 8 a clock. for gand ya for the two © 
| clock © - Tropiques. 


How to delineate theſe. Curves. 


Let by be perpendicular to the Meridian ; yb = 10 Inches, the. 
| length of the Pin that ſhews the Hours. © > CD14 
Make y8 = Tangent 16* 49' = 3 02 Inches for the Vettex'of' 
the Hyperbole when the Sun riſes at 8 a clock;- and y 4 = Tan- 
gent60%11' = 17 45;.: for the Vertex: of the oppoſite Hyperbole; 
when: the Sun riſes at 4 a clock ; their differenee is the tranſverſe: 
Axe-= 14 426 Inches; which if -youtbi-ſe& in», you have their. 
Centre, where ereCt 'a Perpendicular. tothe Axe; -which" is: the: 
| | wt ; _Con- 


© _ 


Conjugate to meaſure,the Central Diſtance, as mh; and at 46 
B.10.12 15 20 25 3036 40 Inches from the-Centre draw parallel 
Lines to the Axe, on each Side thereof, then take the Numbers 
of the: Central Diſtance belonging to each Ordinate, as you- find 
them in the Table, in the foregoing Page ; as for g = 4, take 
= 52 Inches, and place them from the conjugate Axe m h, up- 
ward and downward for the Points of the' Hyperboles, the Or- 
dinate being 4 Inches ; ſo if the Ordinate g = w take » — 8 98 
Inches, and place it both ways from h, as hf for other Poiats, 
and fo proceed till you have gone over all--the Ordinates for 4 
and 8a clock; then with a ſteady Hand joyn theſe Points, and 
you have the Curves deſired. 
To deſcribe the Hyperboles for the Sun's riſing at 5 and 7 a 
clock, make on the Axe y 7 —= Tangent 26* 52/ = 5 06 Inches, 

[the Sun's Meridional Altitude, when he riſes at 7 a Clock, 
and .75 — Tangent 50 degrees 8 = 11.99 Inchesthe Suns 
Meridional Altitude, when he riſes at'5 a-clock ; then at 7. and 
5 'are the Vertexes of the ſaid Curves, and their Diſtance 
69 08 Inches is_ their tranſverſe Axe, - which if you bi-ſect inz, 
you have their Centre, where erect a Perpendicular to the Axe, 
as ig, which is the conjugate Axe, and Line to. meaſure the ceg- 
tral Diſtances ; then on the, Parallels to the Axe already drawn, 
meaſure the central Diſtances noted in the Table by z, for each 
Ordinate, as if 5 = 4, then take » = 3 6 Inches, © which place 
on both Sides of the Axe upward-and downward ſo if the Ordi- 
nate g = 10, then » = 4 36 Inches, on both Sides of the Axe 
both ways, as gr, and ſo on each Ordinate g, place », it's Cen- 
tral Diſtance, and through thoſe Points draw the Curves deſired. 

To draw the Equator, make on the Axe ys = Tangent 38* 30/ 
= 7 95 Inches, where draw a Perpendicular to the Axe, that is 
the Equator. . | SY 
 Foraſmuch as the Centre 1s not on the Plane, the Tangent of 
$19 30' = 12 57 Inches gives you the Centreupward, and the Se- 

. cant of 51* 3o/= 16 06 Inches, the Diſtance of the Tangent 
from the Centre, and the difference hetween the Secant and Tan-_ 
gent of 51® 3o' = 3 49 Inches,dire&s us to draw the frit Tangent 
ſo many Inches below -y, and. 16 06 Inches below that the Se- | 
cond Tangent, and then mark the Hours by the Tangent, as on: 
a. Horizontal Dyal ;. joyn thoſe Marks and-you have the Hours, p 
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If you deſire todraw the Tropiques, make y W = Tangent 15 
— 268 Inches, the Sun's Meridianal Altitude when he-is in the 
Tropiques of Y, and y S = Tangent 62 = 18 80: Inches, the 
Suns Meridional Altitude when he is in the Ttropique of S, then 
V and S are Vertexes of the pair of Hyperboles, and their Di- 
ſtance 16 12 Inches is the tranſverſe Axe, which if you bi-ſe&, 
'you have the Cefitre, through which apply a Perpendicular to the 
Axe, which is the conjugate Axe to meaſure the central Diſtance 
of each Ordinate, as you will find by the Table, page 15. -Byv 
the foregoing Method, you will find « the Semi-tranſverſe Axe 
to be 8 06 Inches,p.the ſame ſemi-focal Diſtance to be 15 82 Inches, 


's the ſemi-conjugate Axe to be 13 62, and 5s it's Square, to be 


135 454 


- \ 


C HA-P. VL 
How to find the Inclination of the Plane. © 


TT Akea Quadrant, and joyn it to the Side of a Square, and 

place the other Side of your Square to your Plane ; if the 
Plummet fall parallel to the Side of the Square, - then the lower 
Side of the Square ſtands level,by which draw an Horizontal Line, 
on which ere& a Perpendicular, and apply your Square to that 
Perpendicular, and.if the Plymmet falls parallel to the Side of the 


_ Square, then that is alſo a level Line, and your Plane ſtands Ho- 
- rizontally : 1f the Plummet falls not parallel to the Side of the 


Square, then turn your Square until it does, then draw an hori- 
zontal Line,. on which ere& a Perpendicular, to which apply your 
Square, and obſerve what Angle your Plummet makes on the 
Quadrant, with the Side of the Square, that is the Angle of the 
Inclination'of the Plane. EET. 


How to find the Declination of a Wall by an Analemma. 


To deſeribe an Analemma for Lat. 51* 3of 

If you have a Line of Chords and Sines for one Radius, .yon 
may uſe that inſtead of the Table;the longer the Radius the better. 
| | -- | | - Deſcribe 
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"Deſcribe the-Arch of a Circle /p x. 1. for. the Meridian, 
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hoſe Radins or Semi-diameter is equal Yo, 10 Inches, or to ll - 
Jnch 


ches ;, throngh the Centre draw the Diameter.0-8 ms for the Ho- 
rizon, . 4 is the Centre of the Arch, at.« ereft the Perpendicular 


. 4%, which is the'prime Vertical, or Line of Eaſt and Weſt, and 


-at z, whereit cuts the Meridian, is the Zenith, being the Point 
over our Heads; take the Chord of the Co-elevation of the Pole 
38* 3o' = 659, and place it'on the Arch from m: to e, and from 
z to p, joyn ae-that is the Equator, and-ap, that is the Axe or 

-, «Hour of 6; from e place the Chord of the Sun's greateſt Declina- 
__tion;23%go' = 467 on the Arch both ways, to'S and Y, joyn 
- 8 S, that is the north part of the Ecliptick, and .a Y, which is 


and put it.on the Ecliptick from 4 to o, through o draw a Parallel 
4 | to ae. the Equator, as cvoT7, that is te Sun's Parallel, or way 
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"Globe, Fein Line o Sines for thoſe m= Diametors, you. 
muſt draw-.a Setni-diameter to their TnterſeQtion with the Meridis 
an, -as the prickt-Lines 44,-#d. If you ſeek the Sun% Azimuth, 
makers parallel 0: f-a5 "then -#5 = 278, the We 7549, *the- 
Sun's Azimuth From the Eaſt; for a if, #42196 14517 mY 

being like Triangles. £ 
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big yor ſeek the Hour, make'y q Parallel to a: 6, then #q = 
606 15 the-Sineof 3752, which converted into Time, accounting 
I5? toan: Hour, Is 2 Hours' 28 Minntes from 6-=8 Hours, 5 | 
Minutes for 1, al ::-br, aq: : rh lq. oat aheay | 
by Numbers, Gy, by 
AS; f 4 the Co-ſine of 40® = 5660 is to:4d ro000; , 

© is.fr 208to-45 2/71 the Sine of 169, the San Aziittinh | 
And as b-1-g272;theCo-ſineof the Sun's Declination is to-«/ 10000), | 

Þ is br $64-t0 <2 HY PEST | MY 


The Arch' of of the Cie Meridian. 2 

6 411 The Hor izon; - © Z The Zenith. In 

z # The Prime Vertical, or Line of Eaft and welt. 
4p The Axe of the World, or Hour of s, - 

= p The Co-elevation Le Pole = 38* 30/. 

c 4 p = Elevation of the Pole = 51*30. 

e 4 The Equator, a Aries or Libra. 
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# Capricorn AIC T2S 8 . z: 

e vwande g=23% 3o',the Sun's greateft Dectin. £222 ih | | ff 
o the Sun's place in the Ecliptick = = 70® from =. 4 * M0 
a b the Sine of the Snn's Declination. * * on i; | 
Le The AO 80 WY NG <2 LETS ———_ _ 
bo The Sine of the Sun's Right Aſcention oy CO [ 
a:c The'Sine of the Siin's apt ME ond rms [#1 


ue. - 

be The Sine of the Sun's Edi ary Difference OS 949 
21 | The Sun's Altitude at Noon. © NE ny 
&u The Sine of the Sun's Altitude in the Eaſt. $ 

b The Sine of the Time from 6,. in the Eaſt, 
'& 7 The Sine of the Sun's Altitodeat 6 a clock. - 
by The Sine of the Sun's Azimuth at 6 a clock. FO. 
F 4 A Parallel of the Sun'sAltitude,being 40® high | 
7 The Place of the Sun for that time. 

fr The Sine of the Sun's Azimuth from the Eaſt. 
< r "The Sine of the Time from 6. 
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A Table of: the Suns Azimuth for ea 
4 Hour; Latitude 51 deg. 30. mi. when]. 
he Riſes at 4, 5,6, 7 and 8 a Clock ;|- 
with their Tangents, the Rad. 1000. 
urs of | 


0 |: 
5 Rifingf + | 
- Hours. | 

I2 | - d&I07 » «+ 
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are made for Lat. 51. deg. 32min. bit 
2345 'be. accomodated to any Latitude. 
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The Suns: Declinat. and Meridional Altit. for Lati 


1 tude51* go' at 12 a Clock, when'he Riſes UM — 
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| «of Sun riſing, 


*Shadow ren Tnches in length for the hour of 12, you mult take 
the Tangent of the Suns Meridional: Altitade, as in the. ſecond - 
"Fable, and' place it on the Meridional-line downward from the 
-Subſtile Point, as the Tangent of 6o deg.. 11 min. = 19,44 when 
the Sun riſes at Four of the Clock. And fo for the other ' Hours 


L CR TELE. ; ; Coon ; a X 
4 : +> 7 b, - g j 7 * , 
"om . » SF. 7 ' s % » « Fn —_ la as Dr np 0 on «I; 
= —_— 
I it et Dire& Sonth-Dyal, and, the Pin gi 
: FI gv 


- 


Then for the other Hours of the Day, you muſt conceive all the | 


- 


-Azimuths on/npright Planes, to be parallel to the Meridian ; and 
-- where the Hour and the Azimuth of that Hour interſeQs, to be 


one Point of the Curve deſired ; as for. 12 and ra Clock, the Sun 
riſing at 4, the Suns Azimuth is 26 deg. 58 mis. whoſe Tang, 509 
being; placed on the Horizontal-line from the Meridian, as b d, 
-and then a Parallel-line drawn tothe Meridian, as de at e where 
it cuts the Hours of 11, is; one- Point of the 'Hyperbole. Then 
thorough their Points thus faund a Curve being drawn, it is the 
Hyperbole defired. _. CE SUE polaris wateeNs | 
Or if you had; rather,: you may-fing the diſtance of each Carve 
on each Hour from the Centre by the enfuing Table, being made 
'From the former Tables,' by the Doftrin of plain Triangles; for 


' In the Triangle a ce there is given the Angle at the Centre, it 


being the Augle that each Hour makes at the Centre of the Dyal 


_ with the Meridian on an Ere& Dire&tSouth Plane found by Calcu- 


lation, it being the eighth Row-in this Table : One leg of the 
Triangle e c being the natural Tangent .for the: Suns Azimuth 


- For that Hour, as in the firſt, Table, and the Hypothenuſe is 


ſought after ; which is the diſtance of the Hyparbole on that 
Hour from the Centre. h | 

"If there be no Centre on the Plane, you may meaſure the di- 
Nance' on this Hour from the Horizontal-line (for which end ir 
was here inſerted) by taking the difterence between the numbers 
of the Hear and the Horizontal-line, as for 'the Curve of the Suns 
riſing at $ a Clock for the Hour-of 12. 1559 —1257=302; the 


diſtance on the Meridian between the Horizontal-hne and the 


Curve; ſo 1579 — 1277 =299 for 1 aClock; and 1598—1336 
= 262 for 2; and 1672 — 14$1 = 1g1 for 3. And fo for the 
-other Hours of Sun-rifing, nee Os o "ORE: "i 
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1A table lhewing the Diltance Or each Hyperbole on each Hour]. 
i | 22%. 5, - Trom-theCenes. ig ; 

hs - Hors 202551 SIS 1 en 
- [Horizontalline,| 1257 (2279 | 1336 | 1481 | 1850 | 3181. 
\ adius r000. | ts I 
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B | 1559 | 1576 | r598 | 1672 | 1850 | | 
\ 7 | 1763 | 1981 | 1825 | 1963 |-2276 | T:81 
© Riſesat@ 6 | 2052 | 2083 | 2184 | 2418 | 302, | 5189 | 
_5 | 2454 | 2508 | 2689 | 3145 | 4492 |14150-| 
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- = 4] 3001 | 3099 | 3437 | 4373 | 8231 | 
The Angle” each Hour ” 7 Fa | 

makes at the Centre with 09? 29 9? 46 31* 54]47* 06' 66* 42' 
{the Meridian E 4. NF 
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From b the Subſtile Point let fall a Plumb Line to the Horizon, 
as b ec, which is the Meridian z which croſs at Right-Angles, 
as 7 bs ; for an Horizontal-line let 6 o be the Pin =j1o Inches. 
. Then take the Tangent of 51 deg. 3o min. =1257, theEleyation 
of the Pole, and place it on the Meridian-line, and-from b to 4; 
then & is the Centre-of the Dyal. Then draw the Hour-lines, as 
| is before dire&ed, or by a Line of Chords, according. to the 
Angles in the eighth Row. Then fromthe Centre on /each Hour 
Place the number in the Table ; as if you were to find the Points 
-of the Hyperbole, ſhewing the Sun-riſing for $ a Clock 'on the 
Meridian place, 1559 from the Centre, and 1576-on the Hours 
of 1rand1; 1598 on toand 2 1672 en 9 and 3; 1850 on 
8 and. 4 : If rhrough their ' Points you draw a Curve, it 1s the 
_ Hyperbole delired. | © + 


Tf it be an Upright Declining Plane, as ſuppefe 45 deg. of Declinlation, 


Through the .Subſtile Point let fall a Plumb-line, and draw an 
Horizontal-line, and Þy the foregoing method deſcribe the 
F_ ©, _ - Hovr-lines;. and by -the firſt Table having the Azimuth iof the 
© Wb -Sun-for-each Hour, when ' he--riſes at 4, 5, 6, 7-and-$-a- Clock, 
: - find what- Angle :the Shade of the Sun does make at the Node 
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or Vertix of the Pin with the Pin, -by adding and ſubſtra&ing the 

Suns Azimuth to and from the Planes Declination ; as for 11 and 1, 

when the Sun riſes at 4 a. Clock, its Azimuth is 26 deg. 58 min. 

Then 45 deg + 2s deg, 58 min. = 7 deg. 58 min. for 1, whoſe 
_ I 


2 IE 
Tangents are 325. And by._this method the enſuing Table is 
made. | 3037» : 
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A Table ot the Angles That The Shade © 
the Sun does make each Hour at th 
Vertex of the Pin, with the Pin 
when the Sun Riſes at 4, 5,6, 7 and 8 
a Clock, with their Tangent, ex+4' 
cept 12, the Radius being 1000. _ 


Hours | 4 | 5 Web T7178 
10 200.06] F7.77]81.35176 49[73-23 
21.074[6.75814:27013-350 


It 1171.58] 67 23|63.53[61.18|29.27 
13-070] 2.400[2.040|1.826]1.694 

I 11118.02| 21.37[26.07[78.42[30.33 
325 | 416 | 490 | 547 | 590 |. 
- Iof04.19] 02.43[08.35[13.11116.37] 
3.8 47 | 151 | 234 | 298 | , 
9121.30] 13.5 96.57 01.03103-33: 
396 | 249] 122| 18 62 
4 8135-35] 28 .06|20.41j14.03 
7151__534 11:377]_259 | 
5 7147-40] 40.46|33.09 
1.097] _ 862 | 653 

{6 6158.54] 52-18 7 


| 1.657] 1-294 
| 7 5159-59 
{ [2.745 


Then by placing their Tangents on the Horizontal-line from 
the Subſtile, and drawing Parallel-lines to the Meridian at their 
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Interſe&ion, with their reſpe&ive Hours, are found the Points of 

the deſired Hyperbole. ' ST ney 

'. Ando find the diſtance of the 'Sun on'the Meridian from the. 

Horizontal-line ; ſay, as the Radius is (Fig. VIII.) to me, the 

_ Secant of the Angle d e mz the Planes Declination, fo is the Tan» 

gent of the Suns Meridional Altitude, when he riſes at 4; 5, 6, 7, 
and 8 aClock: To find the diſtance of the Curves on the Meri- 
dian from the Horizontal-line, 


Radius Lt das _ 10.0000C0 
Secant, Suns Declination 45 deg. 14142. 4-150525 
Tangent, Suns Meridional Altitude 60-deg. x1, 10.241776. 
Suns Diſtance on the Meridian ; 24680 4-342301 


After the fame Analogy, you will find the diſtance of the Hy- 
perbole on the Meridian to be 1693 for 5, and 1125 for 6, and: 
7x6 for 7, and 427 for 8a Clock. _ | 


| Sali Deo Gloria. 
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